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INTRODUCTION 


The  Water  Management  Research  Laboratory  Research  Progress  Report  is  intended  to  inform  upper  level 
management  within  the  Agricultural  Research  Service,  other  ARS  research  locations  involved  in  natural 
resources  research,  and  our  many  collaborators  and  cooperators  about  progress  made  on  our  research  projects 
in  1992  and  plans  for  1993.  It  is  our  intent  to  keep  the  individual  reports  short  but  informative,  focusing  on 
objectives,  approaches,  summarized  results  and  future  plans  for  the  project. 

The  overall  mission  of  the  Water  Management  Research  Laboratory  is  to  conduct  research  and  to  develop 
advanced  water  management  practices,  methods,  equipment,  and  systems  to  utilize  soil,  water,  nutrients,  and 
energy  resources  efficiently  and  to  improve  sustainability  and  crop  productivity  in  irrigated  agriculture  under 
water-limited  conditions. 

The  Laboratory,  in  cooperation  with  personnel  at  the  U.S.  Salinity  Lab  in  Riverside,  CA,  the  U.S.  Cotton 
Research  Station  at  Shafter,  CA,  and  the  University  of  California,  Riverside  and  Davis,  CA,  has  initiated 
several  new  CRIS  research  projects  and  is  addressing  specifically  the  issues  of  the  impact  of  limited  water 
supplies  and  drainage  on  water  quality,  water  use  efficiency,  sustainability  and  productivity  of  Western 
irrigated  agriculture.  Cooperative  projects  are  funded  by  the  California  Department  of  Water  Resources 
(DWR)  and  the  State  Water  Resource  Control  Board,  the  Imperial  Irrigation  District  (IID,  the  Metropolitan 
Water  District  (MWD)  of  Southern  California  and  the  Imperial  Valley  Conservation  Research  Center 
Committee  (IVCRCC). 

We  invite  you  to  use  this  annual  report  and  to  forward  your  questions  and  comments  to  us  at  your 
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LOAD-FLOW  RELATIONSHIPS  IN  PANOCHE  WATER  AND  DRAINAGE 
DISTRICT  I.  DISTRICT  RELATIONSHIP 

J.E.  Ayars  and  R.A.  Schoneman 


OBJECTIVES;  Characterize  the  load-flow  relation- 
ship for  salt  discharge  at  the  main  drain  from  the 
Panoche  Water  and  Drainage  District  (PWDD). 

PROCEDURES;  Monthly  values  of  drain  flow, 
electrical  conductivity,  total  dissolved  solids  and 
concentrations  of  boron  and  selenium  were  measured 
at  the  main  drain  from  the  PWDD.  The  concen- 
tration of  salts  and  flow  were  used  to  calculate  the 
load  from  the  district.  This  load  was  used  in  a 
regression  with  the  corresponding  flow  to  determine 
the  load-flow  relationship  from  the  district. 

RESULTS;  The  regression  relationship  for  the 
district  was  found  to  be  linear.  This  relationship  is 
shown  in  Figure  1 along  with  a relationship  which 
was  developed  using  only  flow  less  than  4 million  m^ 
per  month.  The  linear  relationship  for  the  entire 


flow  in  Figure  1 is  a good  statistical  fit,  however  at 
flow  greater  than  4 million  m^  per  month  the  load  is 
diverging  way  from  the  line.  In  Figure  4 B the 
higher  flows  have  been  removed  and  the  slope  of  the 
line  has  increased  suggesting  that  the  higher  flows 
have  been  diluting  the  flow  from  the  district.  The 
months  with  the  highest  drain  flows  have  been  in  the 
summer  which  is  also  the  time  of  highest  water 
deliveries.  Runoff  from  surface  irrigation  during  the 
summer  has  probably  been  the  source  of  dilution 
water  to  the  drain  flow.  As  the  water  supply 
decrease  due  to  the  drought  and  with  improved 
irrigation  practices  there  has  been  less  water  in  the 
drain.  This  point  was  discussed  in  the  1991  annual 
report. 

FUTURE  PLANS;  A manuscript  has  been  prepared 
describing  the  results  of  this  study. 


Monthly  Flew  (m^ 
(UDUeiw) 


Monthly  Flew  (m^ 
(MlUlent) 


Load-flow  relationship  for  salt  discharge  from  the  Panoche  Water  and  Drainage  District  for 
all  flows  (A)  and  for  flow  less  than  4 million  m*^  per  month  (B). 


Figure  1. 
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LOAD-FLOW  RELATIONSHIPS  IN  PANOCHE  WATER  AND  DRAINAGE 
DISTRICT  n.  DRAINAGE  SUMP  RELATIONSHIP 

J Ajars  and  R.A.  Schoneman 


OBJECTIVES;  Determine  the  load-flow  relation- 
ship for  drainage  discharge  from  individual  drainage 
sumps  located  in  the  Panoche  Water  and  Drainage 
District  (PWDD). 

PROCEDURES;  Monthly  readings  were  made  of 
the  discharge  from  individual  drainage  sumps 
throughout  the  PWDD  by  PWDD  personnel.  Water 
samples  were  taken  at  the  time  of  measurement  and 
these  samples  were  analyzed  for  electrical  con- 
ductivity, boron  and  selenium  concentrations,  and 
total  dissolved  solids.  The  monthly  load  was 
calculated  based  the  area  drained.  The  load  was 
correlated  to  the  monthly  discharge  computed  as  a 
depth  per  unit  area. 

RESULTS;  Representative  regressions  are  shown  for 
two  drainage  sumps  in  Figure  1.  A linear  regression 


Otoeharg*  (mn/nenth) 


was  found  to  fit  the  relationship  in  both  cases.  This 
is  true  for  the  remain  43  drainage  sumps  which  were 
analyzed.  The  slope  of  the  regression  lines  indicated 
that  there  was  a significant  difference  in  the 
concentration  of  the  effluent  leaving  the  sump.  The 
discharge  from  DP2  (A)  was  distributed  evenly  from 
0 to  30  mm/month  while  the  flow  from  DP8(B)  is 
clustered  from  40  to  60  mm/month  with  a few  values 
above  and  below.  Despite  the  higher  flow  in  DPS  the 
load  range  is  approximately  the  same  as  found  in 
DP2.  Further  statistical  analysis  of  the  regressions 
from  each  sump  indicated  that  all  of  the  load-flow 
relationships  could  be  clustered  into  3 relationships. 

FUTURE  PLANS;  A manuscript  has  been  prepared 
which  discusses  these  results. 


Oitcharg*  (mm/nenth) 


Figure  1. 


Load-flow  data  for  salt  in  drainage  water  from  drainage  point  DP2(A)  and  drainage  point 
DP8(B)  in  the  Panoche  Water  and  Drainage  District. 
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LOAD-FLOW  RELATIONSHIPS  IN  PANOCHE  WATER  AND  DRAINAGE 
DISTRICT  m.  FIELD  RELATIONSHIPS 

J.E.  Ayars  and  R.A.  Schoneman 


OBJECTIVES;  Determine  the  load-flow  relation- 
ship for  drainage  discharge  from  an  individual  field 
drain. 

PROCEDURES;  Two  fields  which  were  being  used 
in  an  irrigation  efficiency  study  were  instrumented 
with  water  meters  at  the  outlet  of  the  field.  These 
water  meters  were  read  weekly.  Water  samples  were 
taken  at  the  time  the  meters  were  read.  Water 
quality  was  analyzed  for  all  the  major  cations  and 
anions  as  well  as  boron  and  selenium.  The  load  was 
calculated  on  a unit  area  basis.  The  load  was 
correlated  to  the  unit  flow  calculated  as  a daily  value 
from  the  weekly  values.  Statistical  regression  was 
used  to  characterize  the  result 


RESULTS;  The  load-flow  relationships  for  salt  for 
two  field  sites  are  given  in  figure  1 A and  B.  A 
linear  relationship  was  found  to  give  a good  statis- 
tical representation  of  the  data.  The  data  points  fall 
very  close  to  the  regression  line  in  this  case  while 
there  is  more  scatter  about  the  relationship  devel- 
oped for  the  monthly  flows  from  the  drainage  points 
and  the  main  drain.  There  is  an  order  of  magnitude 
difference  in  the  discharge  and  load  from  these  two 
sites.  This  is  indicative  of  the  variability  that  can  be 
found  throughout  this  region. 

FUTURE  PLANS;  These  results  have  been  include 
in  a manuscript. 


Flew  Rete  (mm/day) 


Figure  1.  Load-flow  data  for  salt  in  drainage  water  from  field  site  A2(A)  and  B2(B)  in  the  Panoche 
Water  and  Drainage  District. 
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FIELD  UNIFORMITY  EVALUATION  OF  DRIP  IRRIGATION  SYSTEMS-OVERVIEW 

C.  J.  Phene,  I-Pai  Wu,  R.  Yue,  L.  Kong,  J.  Ayars 
R.  Schoneman,  K.  Davis,  R.  Mead,  B.  Meso 


OBJECTIVES:  To  summarize  the  Held  uniformity 
evaluation  results  of  both  surface  and  subsurface 
drip  irrigation  systems.  The  objective  of  evaluating 
drip  irrigation  systems  is  to  insure  that  water, 
fertilizers  and  chemicals  are  supplied  both  uniformly 
and  efficiently. 

PROCEDURES;  Three  uniformity  parameters: 
uniformity  coeHicient,  UC;  emitter  flow  variation, 
q ; and  coefficient  of  variation,  CV,  were  used  to 

^var 

express  the  evaluation  results.  The  evaluation  covers 
seven  types  of  drip  irrigation  systems  at  four 
locations:  T-Tape,  Typhoon,  Chapin,  Roberts,  Ram, 
at  30  Acres  of  this  Laboratory  and  Britz  Farm, 
Mendota,  CA;  Agrifim  In-Line  turbulent  flow 
emitters  at  UC  West  Side  Field  Station  (WSFS);  and 
RootGuard  at  USDA  Irrigated  Desert  Research 
Station,  Brawley,  CA.  The  major  method  involved 
is  Random-18-Point  method.  The  surface  drip 
systems  at  30AC  have  also  been  evaluated  by 
Uniform-45-Point  method.  Please  refer  to  the 
separate  reports  in  this  Annual  Report  for  detail  test 
results,  or  earlier  Annual  Report  for  information  on 
those  systems. 

RESULTS;  Figure  A through  F shows  the  evalu- 
ation results  on  the  seven  types  of  drip  irrigation 
systems  at  the  four  locations,  with  Figures  A and  B 
for  UC,  Figures  C and  D for  CV,  and  Figures  E and 
F for  The  tested  UC  ranges  from  76%  to  97%, 
CV  from^3%  to  35%,  and  q^^  from  9%  to  100%. 

Hydraulic  design  is  one  of  the  main  factors  that  may 
affect  drip  irrigation  system  uniformity.  The  main 
items  involved  in  the  hydraulic  design  are  type  of 
emitter,  size  and  type  of  tubes  and\or  pipes,  field 
layout,  field  slope,  and  the  scale  of  the  drip 
irrigation  system. 

There  are  more  factors  that  may  affect  drip  irriga- 
tion system  uniformity  significantly,  such  as 
unrepaired  tube  and\or  pipe  leaks,  emitter  plugging, 
emitter  manufacturing  variation,  and  temperature 
etc.  That  is  why  different  UC  or  CV  or  q^^  is 
obtained  even  for  the  drip  systems  with  the  exact 
same  hydraulic  design  such  as  the  Agrifim  In-Line 
subsurface  drip  treatments  POs  or  Pis  or  P2s  at 
West  Side  Field  Station.  When  emitter  manufac- 
turing variation  and\or  emitter  plugging,  either  or 


both  partial  and  total  plugging,  must  be  considered 
in  evaluating  drip  irrigation  systems,  q^  will  no 
longer  be  a suitable  uniformity  parameter. 

The  evaluation  results  of  Random-18-Points  method 
did  not  always  match  the  ones  of  Uniform-45-Points 
method  based  on  the  tests  results  on  surface  drip 
systems.  The  values  of  UC,CV  and  q^  obtained  by 
Random-18-Points  method  for  Typfimn,  T-Tape 
and  Ram  surface  drip  systems  matched  the  ones 
obtained  by  Uniform-45-Points  method  very  well. 
On  the  other  hand,  the  ones  obtained  by  Random- 
18-points  method  for  Chapin  and  Roberts  surface 
drip  systems  does  not  match  the  ones  obtained  by 
Uniform-45-Points  method.  In  term  of  UC,  the 
difference  is  about  6%.  It  is  noted  that  no  water 
flowed  out  of  the  emitters  along  the  two  sections  of 
the  Chapin  tubes  used  for  this  test,  and  that  there 
were  a lot  of  very  small  leaks  along  the  Roberts 
tubes  tested.  However,  it  can  not  be  sure  that 
plugging  and  leaking  are  the  main  reasons  for  the 
large  differences  in  terms  of  UC,  CV  and  q 
between  the  two  test  methods  on  the  two  kinds^oF 
surface  drip  systems. 

Emitter  plugging  did  exist  in  some  of  the  tested  drip 
systems.  Two  out  of  the  20  emitters  exposed  in  the 
Roberts  subsurface  drip  treatment  at  Britz  Farm 
were  found  to  be  totally  plugged.  No  total  emitter 
plugging  was  found  in  the  other  four  kinds  of 
subsurface  drip  irrigation  treatments  there.  As  for 
the  Agriflm  In-Line  subsurface  drip  systems  at  West 
Side  Field  Station,  both  Plot  11,  PO  and  Plot  11,  PI 
had  one  emitter  totally  plugged.  Plot  7,  Treatment 
4,  of  the  RootGuard  subsurface  drip  systems  at 
USDA  Irrigated  Desert  Research  Station,  Brawley, 
CA,  had  a very  high  uniformity  coefficient  of 
95.77%.  However,  Plot  3,  Treatment  2 had  a 
measured  UC  as  low  as  80.95%.  The  emitter  flow 
rate  data  recorded  there  showed  that  three  out  of 
eighteen  emitters  exposed  in  Plot  3,  Treatment  2, 
were  partially  plugged. 

The  water  samples  taken  at  the  end  of  the  submains 
after  the  tests  in  Brawley  contained  alfalfa  tissues. 
Several  leaks  were  found  inside  the  subsurface  drip 
treatments  again  later  during  the  tests  and  were  not 
repaired  due  to  the  limited  time.  Those  unrepaired 
leaks  affected  the  emitter  discharge  uniformity. 
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VALroATION  OF  DRIP  IRRIGATION  SYSTEM  DESIGN  AND 
EVALUATION  MODELS  WITH  FIELD  DATA 

C.  J.  Phene,  I-Pai  Wu,  R.  Yue,  L.  Kong,  J.  Ayars 
R.  Schoneman,  K.  Davis,  R.  Mead,  B.  Meso 


OBJECTIVES:  To  validate  computerized  drip  irri- 
gation system  design  and/or  evaluation  models  with 
fleld  test  results  on  several  existing  subsurface  drip 
irrigation  systems  in  California. 

METHODS:  The  significant  advantage  of  compu- 
terized evaluation  of  drip  irrigation  systems  is 
eliminating  the  excessive  physical  work  for  sampling 
emitter  flow  rates  and  exposing  emitters  if  the 
system  is  buried.  All  the  drip  systems  described  in 
"Field  Uniformity  Evaluation  of  Drip  Irrigation 
Systems-Overview"  of  this  Report  were  simulated 
with  computer  program  CEDDIS  Version  5.5.  The 
simulation  results  by  EGL,  REGL  and  SBS  models 
were  compared  with  the  field  test  results.  For 
information  on  CEDDIS  Version  5.5,  or  the  three 
models,  please  refer  to,  "Drip  Irrigation  System 
Design  and  Evaluation  Computer  Program",  in  this 
Report. 

RESULTS:  Figures  A through  L show  the  differ- 
ences between  model  simulation  results  and  fleld  test 
results  for  the  seven  types  of  drip  irrigation  systems 
at  four  locations.  Generally,  the  UC  or  CV 
difference  between  model  simulation  results  and  fleld 
test  results  are  less  than  3%  for  REGL  and  SBS 
model,  and  less  than  8%  for  EGL  model.  In  most 


cases,  the  model  simulation  results  are  in  good 
agreement  with  each  other  and  with  the  ones  of  fleld 
tests,  the  REGL  and  SBS  give  similar  results,  and 
the  results  of  both  REGL  and  SBS  match  the  ones  of 
fleld  tests  better  than  the  ones  of  EGL  model.  In 
term  of  the  differences  between  model  simula- 
tion results  and  fleld  test  results  may  exceed  5%,  no 
matter  which  model  is  used.  The  main  reason  is  that 
might  not  be  a suitable  uniformity  parameter  if 
any  of  the  following  needs  to  be  considered:  emitter 
manufacturing  variation,  emitter  plugging,  and  leaks. 
They  are  the  main  reasons  for  very  large  differences 
between  model  simulation  results,  no  matter  which 
model  is  used,  and  fleld  test  results,  in  some  cases 
such  as  in  Plot  3,  Treatment  2 at  Brawley.  All  three 
models  in  CEDDIS  Version  5.5,  i.e.,  EGL,  REGL  and 
SBS,  are  programmed  to  include  manufacturing 
variation  and  emitter  plugging,  both  partial  and 
total,  in  their  hydraulic  simulations.  Unfortunately, 
for  the  subsurface  drip  systems  buried  45  cm  deep, 
it  is  very  difficult  to  get  the  exact  percentage  of  the 
emitters  totally  plugged,  and\or  the  percentage  of 
emitters  partially  plugged  and  in  what  degree  they 
are  plugged.  Moreover,  there  might  be  leaks, 
especially  the  ones  along  thin-wall  tubes,  which  are 
unrecognized  and  are  not  repaired  before  measuring 
the  emitter  discharge  rates. 
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A USER  FRffiNDLY  MICROCOMPUTER  PROGRAM 
FOR  DRIP  IRRIGATION  SYSTEM  DESIGN  AND  EVALUATION 

R.  Yue,  C.  J.  Phene,  Ayars,  I-Pai  Wu,  L.  Kong 


OBJECTIVES;  To  supply  a simple,  user  friendly 
microcomputer  program.  Comprehensive  Evaluation 
and  Design  of  Drip  Irrigation  ^sterns  Version  6.0, 
which  can  be  used  to  design  and  evaluate  drip 
irrigation  systems. 

METHODS:  For  densely-planted  crops  with  both 
crop  spacing  and  row  spacing  shorter  than  emitter 
spacing,  distribution  uniformity  of  irrigated  water 
depth  in  crop  root  zone  soil,  named  as  SPatial 
Uniformity  CoefHcient  of  irrigation  depth,  will  be  a 
better  parameter  to  express  water  application 
uniformity  by  a drip  irrigation  system  than  system 
uniformity  parameters  UC,  CV  and  of  emitter 
flows.  Besides  disturbing  crop  root  zone  soil  and 
damaging  crops,  field  measurement  of  SPUC  involves 
a lot  of  physical  work  in  taking  soil  samples  and 
measuring  soil  water  contents.  CEDDIS  Version  6.0 
is  developed  to  simulate  the  SPUC  of  drip  irrigation 
systems.  The  program  is  developed  in  Turbo  Pascal 
Version  6.0,  based  on  CEDDIS  Version  5.5  and 
SUBmain  SPatial  Uniformity  of  Coefficient,  a 
program  developed  to  simulate  SPUC  of  submain 
units  by  assuming  that  emitter  spacing  and  lateral 
spacing  can  be  expressed  as  ratios  of  nominal  emitter 
wetting  width.  For  details  on  CEDDIS  Version  5.5, 
please  see  ”Drip  Irrigation  System  Design  and 
Evaluation  Computer  Program",  in  this  report. 
CEDDIS  Version  6.0  can  be  run  on  IBM  compatible 
personal  computers. 

RESULTS:  CEDDIS  Version  6.0  uses  the  REGL 
model  in  CEDDIS  5.5  to  perform  the  system 
hydraulic  design.  The  reason  for  selecting  REGL 
model  is  that  REGL  model  possesses  the  accuracy  of 
SBS  model  and  the  speed  of  EGL  model.  EGL 
model  is  the  simplest,  but  not  as  accurate  as  either 
REGL  or  SBS.  SBS  model  is  the  most  accurate  one, 
but  is  also  the  most  tedious  one. 

SPUC  is  calculated  from  the  irrigation  depth  profile 
of  the  submain  unit,  which  is  expressed  by  the 
accumulated  water  depths  at  finite  number  of  nodes 
inside  the  submain  unit.  The  number  of  nodes  is 
determined  by  the  distance  between  the  adjacent 
node  lines  and  the  size  of  the  submain  unit.  All  the 
nodes  is  uniformly  distributed  over  the  area  covered 
by  the  submain  unit.  To  perform  a reliable  design 
or  evaluation,  there  should  be  at  less  5 nodes 
between  each  two  adjacent  emitters.  The  irrigated 
water  depth  at  each  node  is  calculated  by  super- 
positioning the  irrigated  water  depths  from  all  the 


surrounding  emitters.  A filter  is  developed  to  pick 
up  only  those  emitters  the  water  from  which  will 
reach  that  particular  node.  The  Emitter  wetting 
pattern  is  assumed  as  either  half  a cone  or  half  an 
ellipsoid.  The  size  of  wetting  body  of  each  emitter 
depends  on  its  discharge  rate.  A nominal  size, 
expressed  by  wetting  vridth  and  wetting  depth,  is 
input  for  the  assumed  nominal  emitter  that  has  a 
discharge  rate  equal  to  the  average  emitter  discharge 
of  the  submain  unit.  The  wetting  width  and  wetting 
depth  of  the  nominal  emitter  depend  on  the 
discharge  rate,  irrigation  time,  and  soil  character- 
istics such  as  hydraulic  conductivity,  initial  soil 
water  content,  saturated  soil  water  content  etc. 

CEDDIS  6.0  can  be  used  to  design  and/or  evaluate 
any  sizes  of  drip  irrigation  submain  units  as  long  as 
no  negative  pressure  occurs  inside  the  pipe  systems. 
In  case  of  zero  lateral  slope,  the  laterals  may  lay  on 
either  one  or  two  sides  of  the  submains.  Emitter 
pressure  profile,  emitter  discharge  profile  and 
irrigation  depth  profile  will  be  automatically  saved 
into  data  Hies  PRESSURE,  DISCHARGE  and 
DEPTH  respectively.  They  can  also  be  saved  into 
whatever  files  named  by  the  users.  The  maximum, 
minimum  and  average  values  of  emitter  pressures, 
emitter  discharge  rates  and  irrigation  depths  will  be 
shown  in  the  Output  menu  as  shown  in  figure  2.  To 
keep  the  continuity  of  CEDDIS  program  series  and 
to  make  future  revision  on  CEDDIS  easier,  those 
parameters  and  files  which  appears  in  the  old 
version  and  are  still  required  in  this  new  version  are 
kept  unchanged.  All  the  new  parameters  and  files 
are  named  as  the  original  or  shorthand  of  the  subject 
terms  in  drip  irrigation  area.  Data  input  and  output 
are  in  the  same  way  and  format  as  the  old  versions 
as  shown  in  figure  1 and  2. 

CEDDIS  6.0  is  an  user  friendly  program.  By  simply 
following  the  step-by-step  instructions,  user  can 
easily  evaluate  or  design  a drip  irrigation  submain 
unit.  The  on-line  Help  program  supply  users  with 
useful  information  besides  defining  the  definitions  for 
all  the  parameters. 

CEDDIS  Version  6.0  will  create  four  temporary  data 
files  at  the  beginning  of  its  operation,  and  from  then 
on  will  continue  to  communicate  with  them.  As  the 
last  step  of  its  operation,  all  the  four  temporary  data 
files  will  be  automatically  erased  and  the  Output 
menu  will  come  on  screen  to  show  the  simulation  or 
design  results. 
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FUTURE  PLAN;  The  accuracy  of  model  simulations 
on  UC,  CV  and  has  been  evaluated  as  described 
in,  "Validation  orKip  Irrigation  System  Design  and 
Evaluation  Models  with  Field  Data",  of  this  annual 
report.  Model  simulations  on  SPUC  need  to  be 
evaluated.  CEDDIS  6.0  can  be  expended  to 
including  drip  irrigation  system  cost  evaluation.  The 


following  improvement  will  make  CEDDIS  6.0  more 
reasonable,  practical  and  accurate:  using  soil  char- 
acteristics, irrigation  time  and  emitter  discharge  rate 
profile  to  express  the  irrigation  depth  profile,  then 
calculating  water  distribution  profile  by  overlapping 
the  initial  water  inside  the  crop  root  zone  soil. 
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0.00 
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0.20 
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**  Press  HELP  for  the  definitions  of  the  parameters 


Use  the  arrow  keys  to  move  the  cursor. 


Use  the  function  keys  to  perform  the  analysis. 
Pi-Help  F2-Analysis  F3-Switch  Unit  Esc-Exit 


Figure  1. 


CEDDIS  6.0 


OUTPUT  MENU 


GIVEN  INFORMATION  ****** 


SUBMAIN  LATERAL  EMITTERS 


Pressure ( Rpa ) 

= 110.00 

Spacing  (m) 

= 1.50 

Spacing (m) 

= 

1.50 

Length (m) 

= 30.00 

Length  (m) 

= 150.00 

WetWidth(m) 

= 

2.00 

Diameter (cm) 

= 3.000 

Diameter  (cm) 

= 1.600 

WetDepth(m) 

= 

0.7500 

Constant  K 

= 1.6E-I-0005 

Constant  K 

= 1.6E-I-0005 

Constant  k 

= 

0.4500 

Friction  C 

= 150 

Friction  C 

= 150 

Exponent  x 

= 

0.5000 

Exponent  M 

= 1.8520 

Exponent  M 

= 1.8520 

ManuCv ( % ) 

10.00 

Slope(%) 

= 0.00 

Slope ( % ) 

= 0.00 

Total  Plug(%) 

= 

5.00 

D-nodes(m) 

= 0.20 

P— Degree ( % ) 

= 50.00 

P-Percent(%) 

= 

5.00 

RESULTS 


Coefficient  of  Variation  of  Emitter  Flow  CV  = 30.4975%  

Uniformity  Coefficient  of  Emitter  Flow  UC  = 80.4439%  Wetting  Pattern: 

Emitter  Flow  Variation  qvar  = 100.0000%  ELLIPSOID 


Suhmain  Spatial  Uniformity  SPUC  = 76.0495% 


Emitter  Flow  Rate(LPH) : 

Max= 

1.9414 

Min= 

0.0000 

Average= 

1.3427 

Emitter  Pressure ( Rpa ) : 

Max= 

109.92 

Min= 

103.85 

Average= 

105.53 

Irrigation  Depth (m) : 

Max= 

1.252 

Min= 

0.000 

Average= 

0.699 

####  Simulation  including:  Hydraulics,  Manufacture  Variation,  Plugging 

Laterals  are  laid  on  one  side  of  the  siibmain. 


Fl-Help  F2-Analysis  F3-Switch  Unit  Esc-Exit 


Figure  2. 
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DRIP  IRRIGATION  SYSTEM  DESIGN  AND  EVALUATION 
COMPUTER  PROGRAM 

R.  Yue,  C.  J.  Phene,  J Ayars,  I-Pai  Wu,  L.  Kong 


OBJECTIVES;  To  develop  Comprehensive  Evalua- 
tion and  Design  of  Drip  Irrigation  Systems  Version 
5^,  which  is  more  accurate,  more  useful  compared 
with  the  earlier  version  of  CEDDIS. 

METHODS:  CEDDIS  Version  5^  will  be  developed 
in  Turbo  Pascal  Version  6.0,  based  on  CEDDIS 
Version  1.0, 4.0  and  the  requirements  to  simulate  the 
drip  systems  described  in,  "Field  Uniformity  Evalua- 
tion of  Drip  Irrigation  Systems-Overview",  of  this 
research  report.  CEDDIS  Version  5.5  can  be  run  on 
IBM  compatible  personal  computers. 

RESULTS;  CEDDIS  5.5  designs  and/or  evaluates 
drip  irrigation  systems  by  including  emitter  manu- 
facturing variation  and  percentage  of  totally  plugged 
emitters  in  the  hydraulic  calculations,  as  in  CEDDIS 
Version  4.0.  Percentage  of  partially  plugged  emitters 
is  also  simulated  in  this  new  version.  CEDDIS  5.5  is 
developed  to  overcome  the  64K  memory  limitation  of 
Turbo  Pascal  6.0  compiler  so  that  user  can  design 
and/or  evaluate  any  sizes  of  drip  irrigation  submain 
units  as  long  as  no  negative  pressure  occurs  inside 
the  pipe  systems.  In  case  of  zero  lateral  slope,  the 
laterals  may  lay  on  either  one  or  two  sides  of  the 
submains.  Both  the  emitter  pressure  and  discharge 
profiles  will  be  automatically  saved  into  data  files 
PRESSURE  and  DISCHARGE  respectively.  They 
can  also  be  saved  into  whatever  files  named  by  the 
users.  The  maximum,  minimum  and  average  values 
of  emitter  pressures  and  discharge  rates  will  be 
shown  in  the  Output  menu  as  shown  in  figure  2. 

To  keep  the  continuity  of  CEDDIS  program  series 
and  to  make  future  revision  on  CEDDIS  easier,  all 


the  names  for  both  parameters  and  files  which 
appears  in  the  old  versions  and  are  still  required  in 
this  new  version  are  kept  unchanged.  All  the  new 
parameters  and  files  are  named  as  the  original  or 
shorthand  of  the  subject  terms  in  drip  irrigation 
area.  Data  input  and  output  are  processed  in  the 
same  way  and  format  as  in  the  old  versions  as  shown 
in  figure  1 and  2. 

CEDDIS  Version  5.5  will  create  three  temporary 
data  files  at  the  beginning  of  its  operation,  and  from 
then  on  will  continue  to  communicate  with  them.  To 
design  a drip  irrigation  system  with  Version  5.5  will 
need  longer  time  than  with  Version  4.0.  As  the  last 
step  of  its  operation,  all  the  three  temporary  data 
files  will  be  automatically  erased  and  the  Output 
menu  will  come  on  screen  to  show  the  simulation  or 
design  results. 

CEDDIS  5.5  is  an  user  friendly  program.  By  simply 
following  the  step-by-step  instructions  shown  on 
screen,  user  can  easily  evaluate  or  design  a drip 
irrigation  submain  unit  or  one  lateral  line  by  setting 
submain  length  as  zero  or  the  value  of  lateral 
spacing.  The  on-line  Help  program  supply  users 
with  useful  information  besides  defining,  the 
definitions  for  all  the  parameters. 

Three  basic  approaches,  or  models,  are  included  in 
CEDDIS  5.5,  as  in  most  of  the  earlier  versions  of 
CEDDIS.  They  are  Energy  Gradient  Line(EGL) 
approach.  Revised  Energy  Gradient  Line(REGL) 
approach  and  Step-By-Step(SBS)  approach. 


CEDDIS  5.5 


INPUT  MENU 


SUBMhIN 

LATERAL 

EMITTERS 

Pressure ( Kpa ) = 

110.00 

Spacing (m)  = 

2.00 

Spacing (m)  = 

1.00 

Length (m)  = 

60.00 

Length(m)  = 

175.00 

Constant  k = 

0.4500 

Diameter(cm)  = 

3.800 

Diameter  ( cm)  = 

1.600 

Exponent  x = 

0.5000 

Constant  K = 

1.6E+0005 

Constant  K = 

1.6E-I-0005 

ManuCv(%)  = 

10.00 

Friction  C = 

150 

Friction  C = 

150 

Total  Plug(%)= 

5.00 

Exponent  M = 

1.8520 

Exponent  M = 

1.8520 

P-Percent  = 

10.00 

Slope(%)  = 

0.00 

Slope (%)  = 

0.00 

P-Degree(%)  = 

50.00 

Lateral  Distribution  pattern  along  the  submain: 

1 

Distribution:  Enter  number  1(2)  if  there  is  laterals  along  one (two)  side  of 
the  submain; 


Use  the  arrow  keys  to  move  the  cursor. 

Use  the  function  keys  to  perform  the  analysis. 
Fl-Help  F2-Analysis  F3-Switch  Unit  Esc— Exit 


Figure  1. 


CEDDIS  5.5 


OUTPUT  MENU 


****  GIVEN  INFORMATKW  **** 

SUBMAIN 

LATERAL 

EMITTERS 

Pres sure ( Kpa ) = 

110.00 

Spacing (m) 

= 

2.00 

Spacing (m)  = 

1.00 

Length (m)  = 

60.00 

Length  (m) 

= 

175.00 

Constant  k = 

0.4500 

Diameter(cm)  = 

3.800 

Diameter  (cm) 

= 

1.600 

Exponent  x = 

0.5000 

Constant  K = 

1.6E+0005 

Constant  K 

= 1.6E+0005 

ManufactureCv= 

10.00 

Friction  C = 

150 

Friction  C 

= 

150 

Plugging  % = 

5.00 

Exponent  M = 

1.8520 

Exponent  M 

= 

1.8520 

P-Percent  = 

10.00 

Slope(%)  = 

0.00 

Slope(%) 

= 

0.00 

P-Degree ( % ) = 

50.00 

Lateral  Distribution  pattern  along  the 

submain: 

1 

SUBMAIN  UNIT  **»**********< 

MODEL  UC 

CV  Qvar  qmax 

qmi  n 

gavg 

hmax  hmi n 

havg 

(%) 

(%)  (%)  (L/H) 

(L/H) 

(L/H) 

(Kpa)  (Kpa) 

(Kpa) 

E6L  77.49 

32.21  100. 

00  1.958 

0.000 

1.216 

110.00  83.62 

90.57 

RE6L  77.58 

32.11  100. 

00  1.959 

0.000 

1.253 

110.00  91.01 

96.07 

SBS  77 . 59 

32.09  100. 

00  1.959 

0.000 

1.255 

109.99  91.58 

96.40 

####  Simulation  including:  Hydraulics,  Manufacture  Variation,  Plugging 


Fl-Help  F2-Analysis  F3-Switch  Units  Esc-Exit 


Figure  2 
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UNIFORMITY  EVALUATION  OF  SURFACE  DRIP  IRRIGATION  SYSTEMS 
AT  30AC,  WATER  MANAGEMENT  RESEARCH  LABORATORY,  FRESNO,  CA 

R.  Yue,  CJ.  Phene,  LP.  Wn,  JJI.  Ayars,  R.  Schoneman,  B.  Meso 


OBJECTIVES;  To  test  and  simulate  the  uniformity 
of  surface  drip  irrigation  systems  laid  out  at  30AC  of 
this  Laboratory. 

METHODS:  The  main  reason  of  evaluating  drip 
irrigation  systems  is  to  make  sure  that  water,  fertil- 
izers and  chemicals  are  supplied  both  uniformly  and 
efficiently.  This  project  uses  three  uniformity 
parameters:  uniformity  coefficient,  UC,  emitter  flow 
variation,  and  coefficient  of  variation,  CV,  to 
express  the  evaluation  results.  In  this  study,  five 
types  of  drip  tubes:  T-Tape,  Typhoon,  Chapin, 
Roberts  and  Ram,  are  evaluated  by  Random-18- 
Point  and  Uniform-45-Point  test  methods,  and 
EGL,  REGL,  and  SBS  simulation  models.  The  test 
and  simulation  results  are  then  compared. 

PROCEDURES;  This  study  follows  the  following 
procedures:  1.  prepare  drip  systems;  2.  measure 
emitter  flow  rates  at  designed  pressure;  3.  calculate 
uniformity  parameters;  4.  simulate  the  drip  systems 
with  the  three  models;  5.  compare  test  results  with 
model  simulation  results.  Steps  for  preparing  the 
surface  drip  systems  are:  1.  lay  water  delivery 

pipes;  2.  install  control  equipments;  3.  stretch  drip 
tubes;  4.  repair  leaks;  5.  flushing  drip  systems;  6. 
locate  testing  emitters.  7.  dig  holes  underneath  test 
emitters  for  placing  water  receiving  cups. 

RESULTS;  Figure  1 shows  the  results  in  terms  of 
UC,  CV  and  q^^.  Figure  2 shows  the  differences 


between  Uniform-40-50-Points  method  and  model 
simulations.  Figure  3 shows  the  differences  between 
Random-18-Points  method  and  model  simulations. 
If  a drip  system  has  a higher  UC,  it  will  have  a 
lower  CV  or  q . UC  is  around  90%,  95%,  90%, 
85%  and  95 %^ for  Chapin,  Typhoon,  T-tape, 
Roberts  and  Ram  in  turn.  For  Typhoon,  T-tape  and 
Ram  tubes,  the  simulation  results  of  both  REGL  and 
SBS  match  the  test  results  of  either  Uniform-40-50- 
Points  method  or  Random-18-Points  method  very 
well,  with  less  than  2%  UC-differences;  while  the 
ones  by  EGL  model  does  not  match  the  test  results 
as  well  as  the  ones  of  either  SBS  model  or  REGL 
model  does,  with  a maximum  UC-difference  of 
4.17%.  There  are  5.78%  and  5.72%  UC-differences 
between  the  two  test  methods  for  Chapin  and 
Roberts  tubes  in  turn.  Based  on  the  results  on 
Roberts  tube,  both  REGL  and  SBS  models  match 
Uniform-40-45-Points  method  better  than  EGL 
model,  while  worse  if  compared  with  the  Random- 
18-Points  method.  That  is  right  contrast  to  the 
results  on  Chapin.  No  water  flowed  out  of  two 
sections  of  the  Chapin  tubes  tested.  There  were  a lot 
of  very  small  leaks  along  the  Roberts  tubes. 
However,  it  can  not  be  concluded  that  plugging  and 
leaking  are  the  main  reasons  for  the  large  differences 
among  the  two  test  methods  and  the  three  simulation 
models  for  the  Chapin  and  Roberts  tubes. 
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Results  of  Field  Tests  and 
Model  Simulations(30AC) 
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Results  of  Field  Tests  and 
Model  Simulations(30AC) 
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Results  of  Field  Tests  and 
Model  Simulations(30AC) 
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Figure  1. 
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Difference  Between  Field  Tests(Uniform- 
40-50  Points)  and  Model  Simulations(30AC) 
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Figure  2 
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Figure  3 


► 

I 

I 


c 

R 

I 

S 


0 

0 

0 

3 

2 


0 

1 

6 


-23- 


WATER  QUALITY  MANAGEMENT  WESTSIDE  OF  SAN  JOAQUIN  VALLEY- 
BRITZ  PROJECT  I.  GROUNDWATER  QUALITY  MAPPING 

J.E.  Ayars,  J.  Penland,  Rw\.  Schoneman,  and  B.  Meso 


OBJECTIVES;  Monitor  the  electrical  conductivity, 
boron,  and  nitrate  in  the  shallow  groundwater  below 
the  test  site  over  time  and  prepare  iso-concentration 
maps  of  constituents  in  the  shallow  groundwater. 

PROCEDURES;  Shallow  groundwater  obser>ation 
wells  constructed  of  50  mm  PVC  pipe  were  installed 
to  a depth  of  2.4  m throughout  the  research  site  as 
shown  in  Figure  1.  The  wells  were  installed  adjacent 
to  the  neutron  access  tubes.  Water  samples  were 
collected  approximately  every  two  weeks  and 
analyzed  for  electrical  conductivity,  boron,  nitrate, 
selenium  and  most  of  the  major  anions  and  cations. 
The  data  were  plotted  using  the  topographical 
plotting  system  found  in  the  program  "Surfer." 

RESULTS;  Examples  of  the  prepared  maps  are 
given  in  figures  2 and  3.  Figure  2 shows  the 
distribution  of  electrical  conductivity  in  the  shallow 


groundwater  in  August  of  1992.  The  values  range 
from  4 to  12  dS/m.  Also,  the  locations  of  the  drip 
and  furrow  irrigation  systems  are  shown.  The  data 
have  to  be  carefully  interpreted  when  using  this 
system  because  the  program  fits  the  data  entered  and 
when  an  extreme  value  is  entered  it  is  included  in 
the  analysis  also.  In  Figure  2 it  is  possible  that  the 
14  dS/m  value  is  an  outlier  and  should  not  be 
included  in  the  plot.  The  boron  concentrations  taken 
on  August  14, 1992  don't  show  a spiked  value  at  the 
same  location  as  the  high  EC. 

FUTURE  PLANS;  We  will  continue  to  use  the  same 
sampling  pattern  as  shown  in  Figure  1 in  future 
years  and  will  continue  to  plot  the  contours  using 
this  program  with  the  knowledge  that  outlier  values 
can  ^astically  modify  the  interpretation  of  the  data. 
This  plotting  strategy  will  be  used  in  subsequent 
reports. 


Figure  1.  Map  of  observation  wells  installed  on  the  Britz  Research  Site  in  1993. 
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Figure  2.  Map  of  electrical  conductivity  of  shallow  groundwater  under  Britz  demonstration  site  on 
August  27, 1992. 
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Figure  3.  Map  of  boron  concentration  in  shallow  groundwater  under  Britz  demonstration  site  on 
August  14, 1992. 
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WATER  QUALITY  MANAGEMENT  WESTSIDE  OF  SAN  JOAQUIN  VALLEY- 
BRITZ  PROJECT  II.  SUMMARY  OF  REPAIRS 

M.K.  Beta,  R.A.  Schoneman,  F.  Dale,  J.W.  Penland  and  J.E.  Ayars 


OBJECTIVES;  Review  and  adjust  our  plans  in 
order  to  avoid  the  damages  observed  in  1991. 

METHOD:  The  entire  field  area  and  the  irrigation 
system  station  were  inspected  to  identify  all  tubing 
problems  such  as:  disconnection  of  the  drip  tube 
couplings,  tubing  cuts  by  gopher  colonies. 

RESULTS:  A total  of  twenty  four  (24)  repairs  of 
disconnected  drip  tube  couplings  were  made  in 
comparison  to  the  forty-eight  disconnections 
repaired  in  the  first  season. 

The  major  problems  with  the  tubing  were  chewing 
and  cutting  of  the  drip  tubings  by  gophers  and 
tractors.  The  presence  of  many  gopher  colonies 
around  the  field  is  causing  considerable  damage  by 
their  chewing  of  the  drip  tubes.  Many  spots  of 
gopher  pockets  were  found  in  the  treatment  1,  2,  3, 
4, 6, 7,  DCO,  AFC;  in  which  fifty-four  (54)  damaged 


areas  were  repaired.  Cutting  of  drip  tubings:  The 
most  damage  was  done  by  the  tractor  field  work: 
discing,  cultivating,  etc.  The  change  of  rowbed 
spacing  from  66  inches  in  the  first  year  in  the  north 
field  to  40  inch  beds  in  the  second  year  caused 
disturbance  in  the  drip  tube  alignment  and  depth, 
leaving  many  close  to  the  surface.  As  a result  the 
tubing  was  easily  pulled  out  and  cut.  A total  of 
seventy  one  (71)  repairs  were  done  in  this  season  (see 
table). 

CONCXUSION;  Most  of  the  damage  done  by 
cutting  occurred  at  the  head  and  tail  end  of  the 
tubing  run  where  the  tubing  was  not  installed  at  a 
depth  of  18**. 

Gophers  and  other  rodents  are  significant  pests  and 
their  control  is  essential  especially  when  tape  type 
tubing  is  being  used. 


Tubing  repair 


Treatments  : 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Cut  : 

7 

4 

8 

10 

2 

6 

13 

15 

4 

371 

Chewing  : 

17 

2 

4 

13 

8 

- 

3 

4 

1 

254 

Dislocation  : 

4 

2 

6 

1 

6 

- 

3 

2 

- 

-24 

28 

8 

18 

24 

16 

6 

19 

21 

5 

5149 
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WATER  QUALITY  MANAGEMENT  WESTSIDE  OF  SAN  JOAQUIN  VALLEY-BRITZ 
PROJECT  III.  WATER  TABLE  RESPONSE 

JJS.  AyarSy  RA.  Schoneman,  B.  Meso,  J.  Penland 


OBJECTIVES;  Quantify  the  change  in  depth  to  the 
shallow  groundwater  under  each  of  the  irrigation 
systems  being  used  in  the  project. 

PROCEDURES;  The  depth  to  shallow  groundwater 
was  measured  throughout  the  field  using  the  shallow 
water  table  wells  identiHed  in  Figure  1 of  the  report 
on  groundwater  quality  mapping.  The  measure- 
ments were  made  at  the  time  the  groundwater  was 
sampled  for  water  quality.  The  elevation  of  the  top 
of  each  shallow  well  were  surveyed  and  referenced  to 
an  arbitrary  datum.  Change  was  calculated  from 
the  measured  depth.  The  total  change  was  plotted 
using  the  program  Surfer. 

RESULTS;  The  change  in  water  table  depth  for  the 
period  March  18, 1992  to  August  27, 1992  is  plotted 
in  Figure  1.  The  data  show  that  the  depth  to  water 


increased  from  0.5  to  1.4  m during  the  growing 
season.  The  water  table  was  at  a depth  of  approxi- 
mately 1 m below  the  soil  surface  at  the  b^inning  of 
the  season  and  increased  to  in  excess  of  2 m by  the 
end  of  the  season.  The  largest  increases  occurred 
under  the  safHower  which  was  being  grown  expressly 
to  reduce  the  water  table  depth.  The  average  change 
in  water  depth  was  approximately  the  same  for  both 
the  drip  and  furrow  plots.  The  change  in  water 
table  level  indicates  that  a significant  quantity  of 
water  was  extracted  from  the  shallow  groundwater 
by  the  cotton. 

FUTURE  PLANS;  Shallow  water  table  monitoring 
wells  wUl  be  installed  at  approximately  the  same 
locations  in  subsequent  years  to  monitor  changes  in 
water  table  under  other  crops. 


CHANGE  IN  WATER  TABLE  DEPTH  03-18-92  TO  08-27-92 


0 200  400  600  800  1000  1200  1400  1600 


METERS 


Figure  1.  Change  in  water  table  depth  below  Britz  Demonstration  project  between  March  18,  1992,  and 
August  27, 1992. 
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WATER  QUALITY  MANAGEMENT  WESTSIDE  OF  SAN  JOAQUIN  VALLEY-BRITZ 
PROJECT  IV.  MANAGING  SUBSURFACE  DRIP  TO  INDUCE 
SHALLOW  GROUNDWATER  USE  BY  COTTON 

J.E.  Ayars,  R.B.  Hutmacher,  RA.  Schoneman,  D.A.  Clark 


OBJECTIVES;  Develop  a methodology  to  use 
research  data  on  crop  water  use  from  shallow  saline 
groundwater  collected  in  column  lysimeters  to 
control  the  operation  of  a subsurface  drip  system 
operated  in  the  presence  of  shallow  saline 
groundwater. 

PROCEDURES:  Crop  water  use  from  saline 

groundwater  in  the  column  lysimeters  (up  to  7 dS/m) 
was  calculated  as  a percentage  of  crop  water  use. 
This  percentage  use  was  tabulated  along  with  the 
accumulated  growing  degree  days  for  the  cotton  in 
the  lysimeters.  Then  growing  degree  days  were 
accumulated  in  the  field  crop  and  the  irrigation 
system  was  set  to  apply  the  estimated  average  daily 
use  for  the  week  less  the  percentage  taken  from  the 
groundwater.  For  instance  if  the  weekly  average 
crop  water  use  was  5 mm  per  day  and  the  lysimeter 
data  indicated  that  nearly  50%  of  the  water  use 
could  be  met  by  shallow  groundwater,  then  the  drip 
system  was  set  to  apply  a total  of  2.5  nun  per  day. 
The  percentage  use  from  groundwater  changes 
throughout  the  season  as  does  the  crop  water  use. 
The  adjustments  to  daily  application  were  made 
weekly.  Leaf  water  potential  data  were  used  to 
monitored  the  stress  levels  in  the  crop  and  determine 
if  the  irrigation  schedule  should  be  modified. 

RESULTS;  Leaf  water  potential  (LWP)  data  for 
plot  9 are  given  in  Figure  1.  The  data  show  that 


there  was  a mild  stress  16  to  17  bar  early  in  the 
season.  This  occurred  at  a time  when  the  ET  was 
averaging  approxunately  3 to  4 mm  per  day  and  the 
drip  system  was  applying  approximately  2 nun  per 
day.  The  depth  of  application  was  increased  to 
nearly  5 mm  per  day  for  1 week  and  then  to  8 mm 
per  day  for  the  following  week  at  which  time  the 
application  was  reduced  to  5 mm  per  day  for  the 
remainder  of  the  season.  The  average  ET  and  daily 
application  for  the  time  period  June  10  to  August  29 
are  shown  in  Figure  2.  After  the  2 week  period  of 
increased  application  the  leaf  water  potential 
decreased  to  approximately  14  bars  and  remained 
there  for  the  remainder  of  the  season.  A leaf  water 
potential  of  14  bars  indicates  that  the  crop  is  well 
watered.  Since  the  irrigation  application  was  under 
the  ET  for  this  time  period  and  the  LWP  indicated 
well  watered  plants  it  is  likely  that  the  cotton  was 
using  significant  quantities  of  shallow  groundwater. 
These  results  indicate  that  data  on  shallow 
groundwater  use  obtained  from  column  lysimeters 
can  be  used  to  guide  the  operation  of  irrigation 
systems  being  operated  in  the  presence  of  shallow 
groundwater. 

FUTURE  PLANS:  Data  for  percent  shallow 

groundwater  use  from  column  lysimeters  will  be  used 
along  with  growing  degree  data  and  plant  develop- 
ment data  to  modify  the  cotton  crop  coefficient  to 
account  for  use  from  shallow  groundwater. 
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Figure  1. 


Figure  2. 


DATE 


Leaf  water  potential  in  cotton  grown  in  Treatment  9 of  the  Britz  Demonstration  project  in  1992. 


06/10  06/20  06/30  07/10  07/20  07/30  08/09  08/19  08/29  09/08  09/18 

DATE 


Daily  average  evapotranspiration  and  applied  water  in  Treatment  9 of  the  Britz  Demonstration 
Project  in  1992. 
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WATER  QUALITY  MANAGEMENT  WESTSIDE  OF  SAN  JOAQUIN  VALLEY- 
BRTTZ  PROJECT  V.  COTTON  YIELD 

J.E.  AYARS,  B.  MESO,  RA.  SCHONEMAN 


OBJECTIVES;  Determine  the  yield  of  cotton  in 
each  of  the  drip  and  furrow  irrigated  plots. 

PROCEDURES;  Cotton  (Acala,  Maxxa)  was 
planted  on  April  13-14, 1992  at  a seeding  rate  of  20 
kg/ha  with  germination  being  observed  on  April  20- 
21,  1992.  Defoliation  was  done  September  9,  1992 
and  harvest  occurred  October  20-23,  1992.  Yields 
were  determined  using  machine  harvest  data. 

RESULTS;  The  plant  population  ranged  from 
78,000  to  129,000  plants  per  ha.  The  average  lint 
yield  was  1500  kg/ha  and  1100  kg  per  ha  in  the  drip 
and  furrow  plots,  respectively.  The  yield  in  the 


individual  plots  is  given  in  Table  1. 

There  was  a distinct  difference  in  the  yields  between 
the  north  and  south  Helds.  The  yields  in  the  north 
field  (plot  6, 7, 8, 9, 10,  NCO/NCF)  were  consistently 
higher  than  in  the  plots  in  the  south  field.  This  was 
a result  of  a combination  of  stand  problems  and 
possibly  salinity  problems.  The  potential  salinity 
problems  are  still  being  investigated.  The  difference 
in  plant  population  is  noted  in  Table  1. 

FUTURE  PLANS;  The  project  will  continue  in  1993 
with  tomatoes  being  grown  in  the  north  field  and 
cotton  being  grown  in  the  south  field. 


Table  1.  Plant  population  and  yield  data  for  research  plots  at  Britz  Demonstration  Project. 


Plot 

Lint  (kg/ha) 

Plant  Population 
#/ha  (1000) 

1 

827 

88 

2 

863 

103 

3 

893 

85 

4 

992 

107 

5 

972 

108 

6 

1910 

98 

7 

2100 

104 

8 

2160 

107 

9 

2140 

120 

10 

2140 

135 

NCO/NCF 

2177 

119/113 

AFC/AFD 

722 

78 

DCO 

674 

DCF 

724 

129.7 
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WATER  QUALITY  MANAGEMENT  WESTSIDE  OF  SAN  JOAQUIN  VALLEY- 
BRTTZ  PROJECT  VI.  WATER  BALANCE 

J.E.  Ayars,  R.A.  Schoneman,  B.  Meso  and  J.  Penland 


OBJECTIVES;  Determine  the  water  application 
and  evapotranspiration  by  plot  for  each  of  the  drip 
and  furrow  irrigated  plots  and  estimate  potential 
groundwater  contribution. 

PROCEDURES;  The  water  application  to  the  drip 
plots  was  measured  using  water  meters  on  each  plot 
and  the  application  to  the  furrow  plots  was  also 
measured  with  water  meters.  The  furrow  plots 
blocked  furrows  and  as  a result  there  was  no  surface 
runoff.  Evapotranspiration  was  estimated  using 
CIMIS  data  and  a crop  coefficient  and  with  a class 
A evaporation  pan  located  on  site.  The  evaporation 
pan  data  were  modified  using  a crop  coefficient  and 
a pan  coefficient.  Also,  actual  crop  water  use  was 
estimated  using  the  dry  matter  production  function 
TDM  = -2.94+0.03  ET  where  TDM  is  total  dry 
matter  in  T/ha  and  ET  is  in  mm  (Davis  1983).  There 
were  a total  of  4 irrigations  applied  by  furrow 
during  the  growing  season.  The  last  three  irrigations 


in  the  north  field  were  done  using  a surge  valve. 
Daily  drip  irrigation  began  on  June  6, 1992. 

RESULTS;  Pre-plant  irrigation  was  applied  from 
October  8, 1991  to  October  20, 1991.  Approximately 
310  and  307  nun  were  applied  to  the  north  and  south 
ffelds,  respectively.  The  seasonal  applied  water  and 
the  ET^  estimated  using  the  dry  matter  production 
function  are  given  in  Table  1.  The  ET  for  the 
period  from  germination  to  harvest  using  the  CIMIS 
data  was  857  mm  and  813  mm  based  on  the 
evaporation  pan  data.  The  data  in  Table  1 show 
there  was  a potential  for  cotton  to  use  water  from 
the  water  table.  The  data  for  change  in  depth  to  the 
water  table  indicate  that  there  was  a significant 
contribution  to  crop  water  use  from  the  water  table. 

FUTURE  PLANS;  Water  balance  data  will  continue 
to  be  collected  from  these  sites  in  subsequent  years. 


Table  1.  Seasonal  applied  irrigation  water  and  estimated  ET^  based  on  dry  matter  production  function. 


PLOT 

APPLIED  WATER  (mm) 

ESTIMATED  ETc  (mm) 

1 

300 

455 

2 

377 

577 

3 

380 

555 

4 

378 

613 

5 

390 

594 

6 

353 

607 

7 

340 

607 

8 

354 

640 

9 

354 

646 

10 

368 

697 

AFA/AFB 

576 

567 

AFC/AFD 

475 

333 

DCF 

475 

437 

NCF 

576 

520 

NCO  (S)’ 

462 

625 

DCO 

475 

416 

Indicates  surge  irrigation  was  used. 
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WATER  QUALITY  MANAGEMENT  WESTSIDE  OF  SAN  JOAQUIN  VALLEV-BRITZ 
PROJECT  VII.  NITRATE  CONCENTRATION  IN  SHALLOW 
GROUNDWATER  UNDER  COTTON  CROP. 

J.E.  Ayars,  R.A.  Schoneman  and  M.K.  Beta, 


OBJECTIVES;  Determine  the  influence  of  irrigation 
management  on  nitrate  concentration  in  shallow 
groundwater  under  a cotton  crop. 

PROCEDURES;  A grid  of  shallow  groundwater 
observation  wells  was  installed  throughout  the  test 
area  (see  report  1).  Water  samples  were  taken 
approximately  every  two  weeks  and  analyzed  for 
nitrates  as  well  as  the  major  anions  and  cations.  An 
average  of  100  kg/ha  of  nitrogen  was  applied  to  the 
subsurface  drip  plots  and  170  kg/ha  of  nitrogen  was 
applied  in  the  furrow  irrigated  plots.  Approximately 
25  kg/ha  of  phosphorous  was  applied  to  the  drip 
plots.  As  noted  in  a previous  report  on  average  the 
drip  plots  had  higher  yields  than  did  the  furrow 
plots.  The  nitrate  concentration  data  were  plotted 
using  the  program  Surfer. 


RESULTS;  The  change  in  NO^~-  N concentration 
for  the  time  period  March  18,1992  to  August  27, 
1992  is  given  in  Figure  1.  The  change  ranged  from 
100  mg/1  to  0 mg/1.  Part  of  the  change  is  an  artifact 
due  a very  high  concentration  of  nitrate  found  in  a 
well  on  the  border  of  the  field.  A reduction  in 
concentration  the  range  of  20  to  30  mg/1  is  probably 
a good  approximation  of  what  occurred.  The  nitrate 
concentration  in  the  groundwater  on  August  14, 1992 
is  shown  in  Figure  2.  These  values  still  exceed  the 
concentrations  recommended  for  drinking  water 
standards.  This  should  not  be  a problem  since  this 
water  is  not  used  as  a potable  water  supply. 

FUTURE  PLANS;  We  will  continue  to  monitor 
water  quality  in  subsequent  years  of  the  project. 


CHANGE  IN  N03-N  (mg/I)  03-18-92  TO  08-27-92 


Figure  1.  Change  in  nitrate  concentration  in  shallow  groundwater  under  the  Britz  demonstration  project 
between  March  18, 1S192,  and  August  27,  1992. 


Figure  2. 


GROUND  WATER  QUALITY  N03-N  (mg/l)  08-14-92 


Nirate  concentration  in  the  shallow  groundwater  under  the  Britz  demonstration  project  on  August 
24, 1992. 
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UNIFORMITY  EVALUATION  OF  SUBSURFACE  DRIP 
IRRIGATION  SYSTEMS  AT  BRITZ  FARM,  MENDOTA,  CA 

R.  Yue,  CJ.  Phene,  I-Pai  Wu,  F.  Dale 
J.E.  Ayars,  R.  Schoneman,  B.  Meso,  L.  Kong 


OBJECTIVES;  To  test  and  simulate  the  uniformity 
of  subsurface  drip  irrigation  systems  at  Britz  Farm. 

METHODS;  This  evaluation  covers  five  types  of 
subsurface  drip  systems  installed  at  Britz  Farm;  T- 
Tape,  Typhoon,  Chapin,  Roberts  and  Ram.  Their 
operating  pressure  at  the  inlet  of  mainlines  are  17, 
16, 16, 10  and  33  psi  in  turn.  Each  treatment  is  200 
ft  wide  and  1300  ft  long.  The  drip  tubes  are  buried 
about  18  in  deep.  Each  treatment  contains  30  drip 
tubes.  Please  refer  to  earlier  Research  Progress 
Report  for  more  details  on  those  systems.  The  field 
test  is  carried  out  by  Random-18-Point  method.  The 
systems  are  evaluated  by  simulation  models  EGL, 
REGL  and  SBS. 

PROCEDURES;  This  study  follows  the  following 
procedures; 

1.  Prepare  the  drip  systems; 

2.  Measure  emitter  flow  rates  at  designed 
pressure; 

3.  Calculate  uniformity  parameters; 

4.  Simulate  the  drip  systems  with  models; 

5.  Compare  the  test  results  with  model 
simulation  results. 

Steps  for  preparing  the  subsurface  drip  irrigation 
systems  are; 

1.  Expose  flushing  holes; 

2.  Install  flushing  risers; 


3.  Repair  leaks  due  to  machine  damages, 
gopher  damages  and  loose  connectors; 

4.  Flushing  drip  systems; 

5.  Locate  testing  points; 

6.  Expose  testing  emitters. 

RESULTS;  Figure  1 shows  the  results  in  terms  of 
UC,  CV  and  Figure  2 shows  the  differences 
between  field  tests  and  model  simulations.  If  a drip 
system  has  a higher  UC,  it  will  have  a lower  CV  or 
q^.  UC  is  around  90%,  95%,  90%,  75%  and  95% 
for  Chapin,  Typhoon,  T-tape,  Roberts  and  Ram  in 
turn.  The  model  simulation  results  match  the  field 
test  results,  with  less  than  3%  UC  or  CV  differences 
between  either  REGL  or  SBS  model  and  field  tests, 
and  less  than  8%  UC  or  CV  differences  between 
EGL  model  and  Held  tests.  REGL  model  has  almost 
the  same  results  as  SBS  model.  The  values  of  q^ 
and  the  q^^  differences  among  the  field  tests  a!^ 
model  simulations  indicated  that  q^^  is  no  longer  a 
good  parameteri^express  drip  irri^tion  uniformity 
if  either  ei^oth  emitter  plugging  and  manufacturing 
variation  need  to  be  considered.  Two  of  the  20 
emitters  dug  out  were  totally  plugged  in  Roberts 
treatment.  No  emitter  was  found  plugged  in  all  the 
other  treatments. 
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Difference  Between  Field  Tests 
and  Model  Simulations(Britz  Farm) 
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Figure  2 
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Results  of  Field  Tests  and 
Model  Simulations(Britz  Farm) 


Results  of  Field  Tests  and 
Model  Simulations(Britz  Farm) 
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Figure  1. 
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WATER  QUALITY  MANAGEMENT  WESTSIDE  OF  SAN  JOAQUIN  VALLEY-BRITZ 
PROJECT  Vm.  LYSIMETER  CONSTRUCTION 

J.E.  Ayars,  A.  Schneider,  C J.  Phene,  RA.  Schoneman  and  M.K.  Beta 


OBJECTIVES;  Design  and  collect  soil  monolith  for 
weighing  lysimeters  using  soil  collected  in  areas  with 
shallow  groundwater. 

PROCEDURES:  The  lysimeter  dimensions  are  m by 
4m  by  2.7m  deep.  The  tank  was  built  in  two  sections 
with  the  top  section  being  1.67  m deep  and  the 
bottom  section  being  1.1  m deep  (Figure  1).  The  top 
section  was  used  to  collect  an  undisturbed  monolith 
while  the  bottom  section  was  backfilled  by  hand. 

RESULTS;  Two  monoliths  were  successfully 
extracted  from  the  soil  using  the  equipment  shown  in 
Figure  2.  The  empty  tanks  were  set  on  the  soil  and 
pushed  into  the  soil  using  dead  weight  made  up  of 
the  bottom  tanks  and  the  undercutting  plates. 
The  rate  of  movement  and  the  level  of  the  tanks  was 


controlled  by  5 ton  hoists  which  were  attached  at 
each  comer  of  the  tank  and  to  a lowering  frame 
located  at  each  end  of  the  tank.  After  the  tank  was 
fully  inserted,  steel  plates  were  pulled  under  the  tank 
and  used  to  secure  the  monolith  when  it  was  lifted 
from  the  site.  Two  monoliths  were  removed  and 
transported  from  the  site  in  approximately  4 
working  days.  Soil  was  excavated  from  below  the 
monolith  for  use  in  backfilling  the  respective  bottom 
tanks.  The  procedure  made  it  possible  to  maintain 
the  soil  salinity  profile  which  had  been  established 
above  saline  shallow  groundwater. 

FUTURE  PLANS:  The  lysimeters  will  be 

instramented  and  installed  in  a three  acre  site  at  the 
USDA-ARS  location  in  Parlier,  Cla. 
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Figure  1.  End  view  of  lysimeter  tank  being  used  for  water  and  salt  transport  studies  on  the  Britz 
demonstration  project 


Figure  2.  End  view  of  lowering  equipment  and  monolith  tank  used  to  collect  undistrubed  soil  monolith  for 
lysimeter  studies  on  the  Britz  demonstration  project. 
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WATER  REQUIREMENTS  OF  SUBSURFACE  DRIP  IRRIGATION  IN  THE  IMPERIAL  VALLEY 
OF  CALIFORNIA:  FORAGE  ALFALFA:  SYSTEM  OPERATION  AND  MANAGEMENT 

CJ.  Phene,  R.B.  Hutmacher,  R.M.  Mead,  D.A.  Clark,  R.  Swain,  T.  Donovan, 

D.  Kershaw,  M.S.  Peters,  C^  Hawk,  P.  Shouse,  M.  van  Genuchten,  J.  Jobes, 

J.  Rhoades,  K.R.  Davis,  RA.  Schoneman,  D.  Dettinger,  A.  Bravo,  M.  Jones 


OBJECTIVES:  The  alfalfa  subsurface  drip 

irrigation/furrow  irrigation  experiment  at  the 
Irrigated  Desert  Research  Station  in  Brawley,  CA,  is 
a five-year  evaluation  of  alfalfa  water  requirements 
and  the  long-term  influence  of  irrigation  manage- 
ment on  soil  accumulations  of  salts  and  potentially 
yield-limiting  specific  ion&  This  experiment  focuses 
on  the  comparison  of  crop  responses,  irrigation  water 
requirements,  and  salinity  accumulations  as  affected 
by  subsurface  drip  versus  furrow  irrigation.  In 
addition,  the  influence  of  two  drip  lateral  spacings 
will  also  be  evaluated. 

PROCEDURES:  Treatments  were  as  described  in 
"Water  management  requirements  of  subsurface  drip 
irrigation  in  the  Imperial  Valley:  Operational 

Procedures”  (elsewhere  in  this  report).  Three  repli- 
cations of  each  of  five  irrigation  treatments  were 
investigated  in  this  experiment.  There  are  two  drip 
lateral  spacing  treatments,  40  inch  (1.02  m)  and  80 
inch  (2.04  m),  with  the  drip  laterals  placed  40  cm 
below  the  center  of  each  bed,  on  40  inch  and  80  inch 
beds,  respectively.  Two  different  types  of  drip 
tubing  were  used  with  each  row  spacing:  (a) 
pressure-compensating  in-line  emitters  on  20  mm 
tubing;  and  (b)  turbulent-flow  in-line  emitters  made 
out  of  herbicide-impregnated  plastic.  Both  emitter 
types  have  a nominal  flow  of  2 L h~^  at  18  to  20  psi. 
Emitter  spacing  along  the  laterals  is  40  inches  (1.02 
m)  in  both  types  of  tubing. 

Phosphoric  acid  was  continuously  injected  in  the 
irrigation  water  in  all  drip  plots  to  achieve  a final 
concentration  of  15  mg  P L~^.  An  initial  broadcast 
application  of  a phosphorus-containing  fertilizer 
supplied  55  kg  P ha~^  in  all  plots,  and  side-dress 
applications  of  phosphorus  were  made  in  furrow- 
irrigated  plots  to  equal  season  total  P applications  in 
drip  plots. 

RESULTS:  System  Operation  and  Management.  Over 
the  19  months  of  operation  of  the  original  system, 
the  most  persistent  problems  with  the  drip  plots 
have  been  with  development  of  "wet"  and  "dry" 
areas  within  the  field.  The  areas  affected  have  been 
relatively  limited  in  size  fless  than  3 to  5%  of  the 
bed  surface  areas  with  each  problem),  however,  they 
demand  attention  due  to  their  influence  on  irrigation 
management  and  harvesting  operations.  Our 


preliminary  conclusions  are  that  the  areas  with 
"wet”  surface  areas  (free  water  on  the  soil  surface) 
are  a result  of  both  too  shallow  placement  of  the 
drip  laterals  (at  35  to  40  cm)  for  a soil  of  this 
texture  and  a limited  number  of  malfunctioning 
emitters. 

Root  intrusion  problems  have  not  been  observed  to 
date  in  emitters  within  the  dry  areas,  and  are  not 
thought  to  be  a significant  cause  of  emitter  plugging. 
Work  is  continuing  to  look  at  the  irrigation  water 
chemistry,  silt  load  and  fertilizer  solution  comput- 
ability to  determine  if  any  emitter  plugging  problems 
can  be  traced  to  those  problem  areas.  Malfunction- 
ing or  missing  emitters  and  some  plugging  associated 
with  silt  entering  the  system  during  the  early  phases 
of  installation  have  been  the  usual  cause  of  "dry" 
areas  noted  in  the  fleld. 

Even  with  the  drip  laterals  placed  40  cm  below  the 
soil  surface,  water  was  repeatedly  observed  at  the 
surface  of  the  soil  in  all  drip  irrigation  treatments. 
Even  considering  that  the  total  affected  fleld  surface 
area  was  small,  wet  surface  soils  during  harvest 
periods  caused  significant  trafficability  problems. 
The  most  consistent  problem  areas  were  with  heavy 
harvest  equipment  driving  over  beds  with  sporadic 
wet  soil  surfaces.  After  the  initial  soil  compaction 
and  damage  to  plant  crowns,  problems  recurred 
during  much  of  the  season,  particularly  during  high 
ET  periods  when  daily  water  application  amounts 
were  high.  To  limit  this  problem,  drip  irrigation 
was  scaled  down  to  25-50%  of  lysimeter  application 
amounts  during  the  4 to  6 days  prior  to  harvest 
through  bale  removal.  This  could  produce  some 
short-term  water  stress  similar  to  the  same  period 
under  furrow  irrigation.  It  remains  important  to 
determine  suitable  tubing  installation  depths  and 
iriigation  management  strategies  that  will  have  less 
impact  on  harvest  operations  and  forage  yields. 

FUTURE  PLANS:  After  completion  and  testing  of 
the  newly  installed  drip  lines  in  late  spring  of  1993 
(installed  at  a depth  of  25  to  27  inches  (63  to  73  cm), 
a Sudan  grass  crop  will  be  planted  as  a cover  crop 
for  the  spring  and  summer  months.  The  alfalfa 
experiment  will  resume  in  the  fall  of  1993,  with 
planting  scheduled  for  October. 
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WATER  REQUIREMENTS  OF  SUBSURFACE  DRIP  IRRIGATION  IN  THE  IMPERIAL  VALLEY 
OF  CALIFORNU:  FORAGE  ALFALFA:  CROP  WATER  USE,  SOIL  WATER  DEPLETION 

CJ.  Phene,  R.B.  Hutmacher,  R.M.  Mead,  D.A.  Clark,  R.  Swain,  T.  Donovan, 

D.  Kershaw,  M.S.  Peters,  C.A.  Hawk,  P.  Shouse,  M.  van  Genuchten,  J.  Jobes, 

J.  Rhoades,  K.R.  Davis,  R.A.  Schoneman,  D.  Dettinger,  A.  Bravo,  M.  Jones 


OBJECTIVES:  The  alfalfa  subsurface  drip 

irrigation/furrow  irrigation  experiment  at  the 
Irrigated  Desert  Research  Station  in  Brawley,  CA,  is 
a five-year  evaluation  of  alfalfa  water  requirements 
and  the  long-term  influence  of  irrigation  manage- 
ment on  soil  accumulations  of  salts  and  potentially 
yield-limiting  specific  ions.  This  experiment  focuses 
on  the  comparison  of  crop  responses,  irrigation  water 
requirements,  and  salinity  accumulations  as  affected 
by  subsurface  drip  versus  furrow  irrigation.  In 
addition,  the  influence  of  two  drip  lateral  spacings 
will  also  be  evaluated. 

PROCEDURES:  Treatments  were  as  described  in 
**  Water  management  requirements  of  subsurface  drip 
irrigation  in  the  Imperial  Valley:  Operational 

Procedures”  (elsewhere  in  this  report).  Treatments 
T1  through  T4  were  subsurface  drip  irrigation 
treatments  and  treatment  T5  was  furrow-irrigated. 

RESULTS:  Crop  Water  Use:  Total  applied  water 
during  January  through  November  of  1992  is  shown 
in  Figure  1.  Total  applied  water  in  1992  (through 
termination  of  the  alfalfa  crop  in  November)  was 
similar  across  irrigation  treatments  and  averaged 
1365  mm  (53.7  inches)  in  drip  treatments  and  1491 
nun  (58.7  inches)  in  the  furrow-irrigated  treatment 
(T5).  This  compared  with  an  average  of  1174  mm 
for  dirip  treatments  for  a partial  season  in  1991 
versus  1310  mm  in  the  1991  furrow  treatment.  Total 
water  application  in  drip  plots  averaged  7%  less 
than  furrow  plots  during  the  period  from  initial 
planting  in  1^1  through  termination  of  the  first 
alfalfa  crop  in  November,  1992. 

Beginning  in  June  of  1992,  we  began  working  with 
Mr.  Dean  Currie  of  Elmore  Farms  to  assist  in 
matching  irrigation  scheduling  in  furrow  plots  to 
those  typical  for  alfalfa  production  in  commercial 
fields  in  similar  soils  in  the  Imperial  Valley.  The 
lysimeter  represents  water  use  of  a completely  non- 
water-stres^  control,  since  the  lysimeter  was 
hand-harvested  and  irrigations  were  uninterrupted 
and  matched  evapotranspiration  as  measured  using 
the  lysimeter.  Soil  water  contents  throughout  the 
lysimeter  soil  profile  remained  quite  high  and 
uniform  over  time. 

In  the  furrow  plots,  typical  practices  for  the 
Imperial  Valley  were  followed,which  included  appli- 
cation of  the  last  irrigation  of  each  harvest  cycle  5 to 
7 days  prior  to  each  harvest.  The  first  irrigation  of 
each  cycle  occurred  immediately  after  bale  removal. 
Due  to  problems  with  wet  surface  soils  even  in  the 
drip  plots  (described  in  a separate  report). 


irrigations  in  the  drip  plots  during  this  "dry-down” 
period  of  each  harvest  cycle  were  reduced  to  25%  to 
50%  of  lysimeter  water  applications.  This  resulted 
in  lower  ET  and  Crop  Water  Stress  Index  (CWSI) 
measurements  in  drip  and  furrow-irrigated  plots 
indicated  CWSI  values  of  0.15  to  0.2  were  common 
during  these  periods  preceding  harvest 

Estimates  of  stored  soil  water  use  in  the  60  to  180 
cm  depths  ranged  from  about  11.4  cm  to  18  cm 
during  the  1992  measurement  period.  Rainfall  of 
less  than  12  cm  during  both  1991  and  1992  resulted 
in  little  replenishment  of  depleted  soil  water  from 
rainfall.  Water  applied  with  either  furrow  or  drip 
methods  generally  did  not  penetrate  below  75  to  90 
cm  during  any  irrigation  of  the  year,  resulting  in  a 
gradual  depletion  of  stored  soil  water  during  the 
two-year  study.  Soil  water  data  suggests  little  or  no 
potential  for  deep  percolation  losses  in  either  drip  or 
furrow  plots.  Observations  in  piezometers  in  several 
locations  indicated  no  shallow  groundwater  to  a 
depth  of  360  cm  at  any  measurement  time. 

Soil  Profile  Salt  Accumulations:  Chemical  analyses  of 
soil  samples  collected  at  intervals  during  the 
experiment  have  been  largely  completed,  but  have 
not  been  summarized  at  the  time  of  this  report 

FUTURE  PLANS:  After  completion  and  testing  of 
the  newly  installed  drip  lines  in  late  spring  of  1993 
(installed  at  a depth  of  25  to  27  inches  (63  to  73  cm), 
a sudangrass  crop  will  be  planted  as  a cover  crop  for 
the  spring  and  summer  months.  The  alfalfa 
experiment  will  resume  in  the  fall  of  1993,  with 
planting  scheduled  for  October. 
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Figure  1.  Applied  water  (mm  and  inches)  during  the 
1992  season  (January  through  November)  in  alfalfa 
irrigation  treatments  and  lysimeter  at  Brawley,  CA. 
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WATER  REQUIREMENTS  OF  SUBSURFACE  DRIP  IRRIGATION  IN  THE  IMPERIAL  VALLEY 
OF  CALIFORNIA;  FORAGE  ALFALFA:  FORAGE  YIELDS 

CJ.  Phene,  R.B.  Hutmacher,  R.M.  Mead,  D.A.  Clark,  R.  Swain, 

T.  Donovan,  D.  Kershaw,  M.S.  Peters,  C.A.  Hawk,  P.  Shouse, 

M.  van  Genuchten,  J.  Jobes,  J.  Rhoades,  K.R.  Davis, 

R.A.  Schoneman,  D.  Dettinger,  A.  Bravo,  M.  Jones 


OBJECTIVES;  The  alfalfa  subsurface  drip 
irrigation/furrow  irrigation  experiment  at  the 
Irrigated  Desert  Research  Station  in  Brawley,  CA,  is 
a five-year  evaluation  of  alfalfa  water  requirements 
and  the  long-term  influence  of  irrigation  manage- 
ment on  soil  accumulations  of  salts  and  potentially 
yield-limiting  specific  ions.  This  experiment  focuses 
on  the  comparison  of  crop  responses,  irrigation  water 
requirements,  and  salinity  accumulations  as  affected 
by  subsurface  drip  versus  furrow  irrigation.  In 
addition,  the  influence  of  two  drip  lateral  spacings 
will  also  be  evaluated. 

PROCEDURES:  Treatments  were  as  described  in 
"Water  management  requirements  of  subsurface  drip 
irrigation  in  the  Imperial  Valley:  Operational 

Procedures"  (elsewhere  in  this  report).  Treatments 
T1  through  T4  were  subsurface  drip  irrigation 
treatments  and  treatment  T5  was  furrow-irrigated. 

RESULTS;  Crop  Yields:  Although  the  possibility  of 
differential  harvest  dates  across  irrigation  treatments 
would  have  been  allowed  if  necessary,  in  practice 
harvest  dates  across  all  5 treatments  have  not  varied 
by  more  than  5 days.  The  total  number  of  hay  har- 
vests have  been  identical  across  treatments.  Whitefly 
infestations  were  a problem  in  the  late  summer  and 
fall  of  both  1991  and  1992  seasons,  with  a more 
significant  impact  on  harvesting  operations  and  hay 
quality  (stickiness,  fungal  growth)  in  1991.  Although 
whitefly  counts  were  not  made  in  the  alfalfa  in  1992, 
no  differences  in  whitefly  infestations  or  severity  of 
their  effects  on  plants  were  noted  across  treatments. 

Forage  yields  in  January  through  November  of  1992 
averag^  15%  lower  in  the  furrow-irrigated  plots 
when  compared  to  the  average  across  all  drip  irriga- 
tion treatments  (Figure  1).  No  significant  yield 
differences  existed  between  treatments  representing 
different  types  of  drip  tubing  (T1  versus  T2  and  T3 
versus  T4).  Average  yields  in  the  80  inch  lateral 
spacing  treatments  averaged  103%  of  average  yields 
in  the  40  inch  lateral  spacing  plots.  The  yield 


differences  between  drip  and  furrow-irrigated  treat- 
ments were  greater  in  the  establishment  year  (1991) 
than  in  1992  (furrow  33%  lower  than  drip  in  1991). 

Hay  has  been  sampled  from  representative  bales  in 
all  treatments  during  selected  harvests  during 
different  times  of  the  year.  Analyses  to  date  have 
not  shown  any  consistent,  significant  differences  in 
hay  quality  across  treatments,  but  this  question  will 
be  addressed  more  completely  in  the  next  phase  of 
this  alfalfa  irrigation  study. 


FUTURE  PLANS;  After  completion  and  testing  of 
the  newly  installed  drip  lines  in  late  spring  of  1993 
(installed  at  a depth  of  25  to  27  inches  (63  to  73  cm), 
a Sudan  grass  crop  will  be  planted  as  a cover  crop 
for  the  spring  and  summer  months.  The  alfalfa 
experiment  will  resume  in  the  fall  of  1993,  with 
planting  scheduled  for  October.  Installation  of  the 
drip  laterals  at  a greater  depth  should  allow  the 
irrigation  system  to  be  run  at  a much  higher  rate 
during  the  harvest  cycle  and  avoid  some  of  the  water 
stress  and  slower  regrowth  occurring  during  that 
period. 


-T1  T2  T3  T4  T5 


TREATMENTS  # 

Figure  1.  Total  alfalfa  yield  (corrected  to  constant 
water  content)  from  January  through  November  of 
1992  in  alfalfa  irrigation  treatments  at  Brawley,  CA. 
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UNIFORMITY  EVALUATION  OF  SUBSURFACE  DRIP  IRRIGATION  SYSTEMS 
AT  USDA  IRRIGATED  DESERT  RESEARCH  STATION,  BRAWLEY,  CA 

R.  Yue,  L.  Kong,  CJ.  Phene,  I-Pai  Wu, 

J J).  Ayars,  R.B.  Hutmacher,  R.  Mead 


OBJECTIVES;  To  test  and  simulate  the  uniformity 
of  subsurface  drip  irrigation  systems  at  UC  West 
Side  Field  Station,  Five  Points,  CA. 

METHODS;  Two  treatments.  Plot  3,  T2  and  Plot  7, 
T4,  were  evaluated  by  both  the  Random- 18-Point 
field  test  method  and  simulation  models  EGL,  REGL 
and  SBS  in  last  November.  The  drip  tube  is 
RootGuard,  which  is  buried  40  cm  deep.  Plot  3,  T2 
contains  eight  drip  tubes.  Plot  7,  T4  has  4 drip 
tubes.  Each  treatment  is  about  31  ft  wide  and  525 
ft  long.  The  nominal  emitter  flow  rate  is  2 L/H  at 
18  to  20  psi.  The  water  pressure  at  the  inlet  of 
mainline  is  22  psi.  The  crop  planted  is  alfalfa. 
Please  refer  to  the  earlier  Research  Progress  Report 
for  detail  information  on  the  systems. 

PROCEDURES;  Same  as  in  ” Uniformity  Evaluation 
of  Subsurface  Drip  Irrigation  Systems  at  Britz  Farm, 
Mendota,  CA”,  of  this  report. 

RESULTS;  Figure  1 shows  the  results  in  terms  of 
UC,  CV  and  Figure  2 shows  the  differences 

between  field  tests  and  model  simulations. 


Plot  7,  T4  has  a very  high  uniformity  coefficient  of 
95.77%.  Plot  3,  T2  has  a measured  UC  as  lower  as 
80.95%.  The  emitter  flow  rate  data  recorded  there 
showed  that  three  out  of  the  eighteen  emitters 
exposed  inside  Plot  3,  Treatment  2,  were  partially 
plugged  in  different  degrees. 

The  simulation  results  for  Plot  7,  T4  match  the  field 
test  results,  with  less  than  1%  UC  difference,  and 
less  than  2.5%  CV  difference.  The  model  simulation 
results  for  Plot  3,  T2  are  about  the  same  as  the  ones 
for  Plot  7,  T4.  While,  large  differences  in  terms  of 
UC,  CV  and  were  obtained  between  model 
simulation  results  and  field  test  results  for  Plot  3, 
T2,  because  the  model  simulations  did  not  include 
the  partial  plugging. 

The  water  samples  taken  at  the  end  of  the  submains 
after  the  tests  contained  alfalfa  tissues.  Several  leaks 
were  found  inside  the  subsurface  drip  treatments 
again  later  during  the  tests  and  were  not  repaired 
due  to  the  limited  time.  Those  un-repaired  leaks 
affected  the  uniformity  test  results. 
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Results  of  Field  Tests  and  Model  Simulations 
Brawley,  RootGuard  Tube,  160  m Tube  Length 
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Resuits  of  Field  Tests  and  Model  Simulations 
Brawley,  RootGuard  Tube,  160  m Tube  Length 
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Results  of  Field  Tests  and  Model  Simulations 
Brawley,  RootGuard  Tube,  160  m Tube  Length 
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Figure  1 
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Difference  Between  Field  Tests  and  Modei  Simulations 
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Brawley,  RootGuard  Tube,  160  m Tube  Length 


PL3T2:  8 tubes  PL7T4:  4 tubes 

Emitter  Parameters:  k=0.6912,  x=0.5400,  CV(M)=3% 


Figure  2 
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WATER  REQUIREMENTS  OF  SUBSURFACE  DRIP  IRRIGATED  CROPS  IN  THE  IMPERIAL  VALLEY; 
ROW  CROP  STUDY  OPERATIONAL  PROCEDURES  FOR  LETTUCE 

C J.  Phene,  R.B.  Hutmacher,  R.M.  Mead,  G.  Cardon,  DA.  Clark,  R.  Swain,  T.  Donovan, 

D.  Kershaw,  S.S.  Vail,  M.S.  Peters,  CA.  Hawk,  P.  Shouse,  M.  van  Genuchten, 

J.  Jobes,  J.  Rhoades,  K.R.  Davis,  R.A.  Schoneman,  D.  Dettinger,  A.  Bravo 


OBJECTIVES;  The  row  crop  subsurface  drip 
irrigation  (SDI)  project  at  the  Irrigated  Desert 
Research  Station  of  the  USDA-ARS  in  Brawley,  CA 
is  a five-year  evaluation  of  water  requirements  of 
select  annual  crops  and  the  long-term  influence  of 
irrigation  management  on  soil  accumulations  of  salts 
and  potentially  yield-limiting  specific  ions.  The 
objectives  of  this  experiment  are  to  study  and 
compare  crop  responses,  irrigation  water  require- 
ments, and  salinity  accumulations  as  affected  by  SDI 
systems.  Initial  plans  were  to  include  cantaloupe, 
processing  tomatoes,  cotton  and  lettuce  in  this  study, 
but  plans  were  altered  considerably  to  lettuce,  cotton 
and  ^eet  onions  due  to  the  continued  threat  of 
white  fly  infestations  plaguing  the  Imperial  Valley 
since  1991. 

PROCEDURES;  Drip  Tubing  / Field  Layout.  Drip 
tubing  with  a wall  thickness  of  0.5  mm  (Netafim, 
Inc.,  Typhoon  type)  was  installed  at  a depth  of  0.40 
m below  the  soil  surface  in  the  center  of  each 
planting  bed.  Field  F-3  of  the  Irrigated  Desert 
Research  Station  in  Brawley,  CA  was  prepared  with 
beds  1.52  m wide.  Emitters  on  the  drip  laterals  were 
spaced  1.02  m apart  and  are  of  a turbulent-flow 
design  with  a nominal  output  of  2 L h~\  Each  plot 
consists  of  six  beds  80  m in  length.  There  are  four 
irrigation  treatments  with  four  replications  in  a 
randomized  complete  block  design.  Each  irrigation 
treatment  has  electronic  water  meters  and  pressure 
transducers  which  can  be  continuously  monitored 
using  a data  logger/computer  control  system 
accessible  from  the  USDA-ARS- WMRL  in  Fresno 
or  from  other  remote  location.  A fertilizer  injection 
system  consisting  of  a mixing  tank  and  proportional 
flow  injectors  was  used  for  N,  P,  and  K injections 
through  the  SDI  system.  Sixteen  access  tubes  were 
installed  (one  per  plot)  to  allow  soil  water  content 
measurements  using  neutron  attenuation  techniques. 

A late-season  lettuce  variety  C’Winterhaven”)  was 
planted,  three  rows  per  1.52  m east-west  bed  on 
October  22, 1992.  Pre-plant  fertilizer  (11-48-0)  was 
appli^  at  a rate  of  76  kg  ha~^  uniformly  across  all 
treatments.  A total  of  75  kg  P ha~^  and  137  kg  N 
ha~^  was  applied  throughout  the  season,  with  all 
fertilizer  other  than  pre-plant  applied  through  the 
drip  system.  The  seed  was  germinated  and  the  crop 
sprinkled  up  with  98  mm  of  water.  During  the 
period  from  planting  through  harvest,  precipitation 
was  74  mm  of  rain  fell. 


Lettuce  yields  were  determined  from  six  hand- 
harvested  6.1  m sections  of  row  in  each  plot,  with  all 
three  rows  per  bed  harvested  separately  , lettuce 
heads  were  counted  and  weighed  untrimmed  and 
trimmed.  Yields  were  collected  within  the  time 
frame  that  a commercial  harvest  would  have  been 
done  based  on  head  maturity.  Soil  samples  were 
collected  at  the  beginning  and  end  of  the  lettuce 
experiment  to  characterize  the  influence  of  variable 
irrigation  rates  on  accumulation  of  salts  and 
chemical  constituents  in  the  soil  profile. 

Irrigation  Control!  Matric  Potential  System: 

Irrigation  was  controlled  by  a feedback  system  of 
twenty  soil  matric  potential  sensors  installed  in  four 
blocks  of  one  irrigation  treatment  (100%  ET 
treatment,  treatment  #T3). 

See  additional  report  in  this  volume  for  specifics  on 
experimental  methodology  and  results  from  the  soil 
matric  potential  sensor  control  and  monitoring 
system. 

RESULTS;  Due  to  the  mid-season  planting  date 
(mid-season  for  Imperial  Valley  lettuce  plantings), 
whitefly  pressure  on  the  lettuce  during  the  seedling 
stage  was  moderate  and  did  not  result  in  significant 
reductions  in  plant  populations.  The  plant  popu- 
lation problems  that  were  noted  in  some  plots  were 
more  related  to  problems  in  preparing  a suitable 
seedbed  due  to  problems  with  adequate  incorpor- 
ation of  cotton  plant  residue  from  the  cotton  crop 
harvested  in  August. 

FUTURE  PLANS;  The  1992-1993  lettuce  crop  was 
the  second  year  of  lettuce  experiments  in  the 
continuing  drip  irrigation  crop  rotation  experiment 
in  the  Imperial  Valley.  Work  on  other  annual  crops 
will  continue.  Serious  mid-  and  late-season  whitefly 
problems  were  encountered  during  the  1992  cotton 
cropping  season,  resulting  in  near  total  defoliation  in 
the  last  weeks  prior  to  harvest  and  considerable 
impact  on  results  of  the  irrigation  study.  For  this 
reason,  cotton  will  not  be  planted  in  1993,  and  the 
next  crop  will  be  sweet  onions  planted  in  the  fall  of 
1993  (September  or  October).  As  with  the  lettuce 
crop,  the  soil  matric  potential  sensor  control  system  ■ 
will  be  used  in  a feedback  mode  to  schedule 
irrigation  automatically. 
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WATER  REQUIREMENTS  OF  SUBSURFACE  DRIP  IRRIGATION  IN  THE  IMPERIAL  VALLEY: 

EVALUATIONS  WITH  LETTUCE 
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J.  Jobes,  J.  Rhoades,  KJI.  Davis,  R.A.  Schoneman,  D.  Dettinger,  A.  Bravo 


OBJECTIVES:  The  objectives  of  this  experiment 
are  to  compare  crop  responses,  irrigation  water 
requirement^  and  salinity  accumulations  as  affected 
by  subsurface  drip  irrigation. 

PROCEDURES:  Details  of  experimental  SDI  system 
design  and  installation  are  given  in  the  write  up 
entitled:  "Water  Requirements  of  Subsurface  Drip 
Irrigated  Crops  in  the  Imperial  Valley:  Row  Crop 
Study  Operational  Procedures  for  Lettuce". 

RESULTS:  The  soil  matric  potential  control  system 
was  designed  to  apply  50%  (Tl),  75%  (T2),  and 
125%  (T4)  of  the  water  applied  to  treatment  T3 
(100%).  The  season  total  SDI-applied  water  in 
treatments  Tl,  T2,  T3,  and  T4  was  189  mm,  238  mm, 
296  mm,  and  324  mm,  respectively.  Some  problems 
with  the  control  system  in  November  resulted  in 
water  applications  in  treatment  T3  which  were  much 
higher  than  estimated  ET  during  an  11  day  period, 
so  total  water  applications  in  all  treatments  were 
approximately  35  to  40  mm  higher  than  planned  and 
treatment  differences  in  applied  water  were  lower 
than  planned. 

Total  seasonal  water  (sprinkler  plus  drip  applied 
plus  rainfall  plus  changes  in  soil  profile  water 
content)  in  treatments  Tl,  T2,  T3,  and  T4  were  331 
mm,  344  mm,  377  mm,  and  393  mm,  respectively. 
Seasonal  ETc  estimates  averaged  25  to  37  mm  higher 
than  in  the  lettuce  subsurface  drip  treatments  in  the 
1991-1992  experiments. 

There  was  a significant  influence  of  row  location  on 
average  head  weight  (Table  1)  and  total  lettuce  yield 
per  row  (data  not  shown).  Average  lettuce  heads  in 
the  northernmost  row  of  each  bed  were  signiflcantly 
smaller  in  all  irrigation  treatments.  There  was  no 
significant  difference  between  southernmost  and 
center  rows.  Soil  sampling  for  gravimetric  water 
content  in  10  cm  increments  in  the  upper  100  cm  of 
the  soil  profile  under  each  of  the  rows  on  several 
measurement  dates  indicated  slightly  higher  soil 
water  contents  under  the  center  plant  row  only  in 
the  30  to  50  cm  depths,  with  no  significant 
differences  at  any  time  at  the  other  depths.  Head 
growth  in  the  southern  rows  was  faster  in  the  early 
season  due  to  signiflcantly  warmer  surface  soil 
temperatures  due  to  the  southern  sun  exposure  in 
those  rows.  With  this  desire  for  head  uniformity  in 
mind,  most  commercial  growers  attempt  north-south 
row  orientation  when  growing  lettuce.  This  was  not 
possible  in  this  experiment  because  the  drip  tubing 
was  already  installed  in  an  east-west  direction. 


Lettuce  yields  were  signiflcantly  higher  in  the  100% 
ET  treatment  (T3)  than  in  the  other  treatments 
(Tat>le  1),  at  a season  total  water  use  of  15.5  inches. 
This  is  approximately  75  to  85%  of  the  typical  mid- 
season  lettuce  water  application  under  surface 
irrigation  methods  in  the  Imperial  Valley. 

FUTURE  PLANS:  Other  annual  crops  will  be 

grown  on  this  fleld  to  further  evaluate  the  drip 
irrigations  system  and  use  of  the  matrice  potenti^- 
based  irrigation  control  system.  l^ng-term 
evaluations  will  also  focus  on  soil  salinity  profiles 
developing  with  long-term  use  of  moderately  saline 
water  in  drip  irrigation.  A sweet  onion  crop  will  be 
planted  in  f^I  of  1993. 


Table  1.  Lettuce  yields  (fresh  weight)  and  average 
head  weight  in  subsurface  drip  irrigation 
treatments  in  Brawley,  CA  in  1992-1993 
experiment. 


Irrigation 

treatment 

Row 
location 
on  each  bed 

Average 

head 

weight  (kg) 

Lettuce 
fresh  weight 
(Mg  ha'^) 

Tl 

North 

0.54 

30  J b+ 

Center 

0.61 

41.9  a 

South 

0.65 

41.9  a 

average* 

0.60 

37.9 

T2 

North 

OJl 

30.5  c 

Center 

0.67 

46.1  a 

South 

0.61 

35.9  b 

average* 

0.59 

37.5 

T3 

North 

0.57 

38.7  b 

Onter 

0.72 

51.6  a 

South 

0.69 

44.9  a 

average* 

0.66 

45.1 

T4 

North 

0.54 

35  Jb 

Center 

0.64 

43  J a 

South 

0.65 

34.2  b 

average* 

0.61 

37.7 

* Indicates  average  yield  including  north,  center, 
south  rows  on  beds  of  respective  treatments. 
Means  within  an  irrigation  treatment  followed  by 
different  letters  were  significantly  different  at  the 
5%  level  by  the  Duncan's  Multiple  Range  Test. 
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OBJECTIVES:  The  row  crop  subsurface  drip 

irrigation  project  at  the  Irrigate  Desert  Research 
Station  of  the  USDA-ARS  in  Brawley,  CA  is  a five- 
year  evaluation  of  water  requirements  of  select 
annual  crops  and  the  long-term  influence  of 
irrigation  management  on  soil  accumulations  of  salts 
and  potentially  yield-limiting  specific  ions.  This 
experiment  focuses  on  the  comparison  of  crop 
responses,  irrigation  water  requirements,  and  salinity 
accumulations  as  affected  by  subsurface  drip 
irrigation.  Initial  plans  were  to  include  cantaloupe, 
processing  tomatoes,  cotton  and  lettuce  in  this  study, 
but  plans  were  altered  considerably  to  lettuce,  cotton 
and  sweet  onions  due  to  the  continued  threat  of 
white  fly  infestations  plaguing  the  Imperial  Valley 
since  1991. 

PROCEDURES:  Drip  tubing  / field  layout:  Drip 
tubing  with  a wall  thickness  of  20  mil  (Typhoon 
type,  Netafim,  Inc.)  was  installed  at  a depth  of  40  cm 
Mow  the  soil  surface  in  the  center  of  each  planting 
bed.  The  F-3  field  of  the  Irrigated  Desert  Research 
Station  in  Brawley,  CA  was  prepared  in  beds  1.52  m 
wide.  Emitters  on  the  drip  laterals  were  spaced  1.02 
m apart  and  are  of  a turbulent-flow  design  with  a 
nominal  output  of  2 L h~^.  Each  plot  consists  of  six 
beds  80  m in  length.  There  are  four  irrigation 
treatments  with  four  replications  in  a randomized 
complete  block  design.  Each  irrigation  treatment 
has  electronic  water  meters  and  pressure  transducers 
which  can  be  continuously  monitored  using  a data 
logger/computer  control  system  accessible  through 
the  USDA-WMRL  in  Fresno  or  other  remote 
location.  A fertilizer  injection  system  consisting  of 
a mixing  tank  and  proportional  flow  injectors  was 
used  for  N,  P,  and  K injections  through  the  drip 
irrigation  system.  Sixteen  access  tubes  were  installed 
(one  per  plot)  to  allow  soil  water  content 
measurements  using  neutron  attenuation  techniques. 

Cotton  (var.  DPL5461)  was  planted  on  March  23, 
1992  in  field  F-3,  with  two  planted  rows  per  1.52  m 
bed.  The  planted  rows  were  equidistant  from  the 
subsurface  drip  irrigation  line,  which  was  40  cm 
below  the  average  soil  surface  at  the  center  of  each 
bed.  The  subsurface  drip  system  used  in  the  same  as 
described  previously  in  this  volume  C*  Water 
Management  Requirements  of  Subsurface  Drip 
Irrigation  in  the  Imperial  Valley:  Row  Crop  Study 
Operational  Procedures  for  Lettuce"). 

About  33  kg  N per  ha  was  applied  pre-plant  as  urea, 
and  13  kg  of  P per  ha  broadcast-applied  as 
superphosphate  at  planting.  All  other  fertilizer  was 
appli^  through  the  drip  system  using  a proportional 
injection  pump  system.  Total  P and  N applied  to  the 


crop  (drip-applied  plus  pre-plant)  was  66  kg  P per 
ha  and  183  kg  N per  ha.  An  average  plant 
population  of  approximately  96,000  plants  per  ha 
was  achieved.  Temik  was  applied  for  early-season 
insect  control  at  recommend^  rates  for  cotton.  For 
germination  and  early  growth,  about  50-55  mm  of 
water  was  applied  by  sprinklers,  with  all  irrigation 
treatments  receiving  similar  application  amounts. 
Total  rainfall  from  planting  through  late  July  was  56 
mm.  Soil  samples  were  collected  at  the  initiation  of 
the  cotton  experiment  and  will  be  collected  at  the 
conclusion  to  determine  irrigation  treatment  impacts 
on  soil  salinity  profiles  across  the  beds  and  with 
depth. 

Treatment  T3  was  the  treatment  to  which  all  other 
treatments  were  keyed  since  it  was  used  as  part  of  a 
unique  irrigation  control  method  which  was 
investigated  in  this  experiment.  The  irrigation 
control  system  consists  of  a group  of  field-installed 
commercial  soil  matric  potential  sensors  installed  at 
a fixed  distance  from  the  subsurface  drip  emitters. 
The  sensors  are  connected  through  a communications 
system  to  a data  logger  which  controls  the 
pump/solenoid  irrigation  control  for  field  F3. 
Irrigation  treatments  were  initiated  on  calendar  day 
143,  and  between  day  143  to  162,  treatment  Tl,  T2, 
T3,  T4  received  60%,  80%,  100%,  and  120%, 
respectively,  of  the  amounts  applied  to  treatment  T3. 
From  day  163  through  termination  of  irrigation  on 
day  225,  treatment  Tl,  T2,  T3,  T4  received  50%, 
75%,  100%,  and  125%  of  the  amounts  determined 
for  T3.  Total  seasonal  water  applications  ranged 
from  389  mm  to  1047  mm  across  treatments. 

Plant  water  status  was  monitored  twice  weekly  using 
an  infrared  thermometer  in  all  treatments.  Plant 
height,  growth  and  boll  development  were  monitored 
biweekly  in  all  treatments.  Seed  cotton  yields  were 
determined  from  four  6.1  m sections  of  hand- 
harvested  beds  per  plot,  with  both  rows  per  bed 
harvested. 

RESULTS:  Planting  and  irrigation  treatments 

proceeded  according  to  schedule  throughout  the 
season.  Plant  populations  were  acceptable  in  all 
plots.  Sub-sampling  in  measurements  made  in  all 
plots  was  initiated  in  late  May,  with  subsamples 
separated  according  to  east  versus  west  halves  of 
each  plot.  This  separation  was  done  based  on 
observations  of  more  severe  whitefly  infestations 
typically  occurring  on  the  east  side  of  the  plots  wheii 
compared  to  the  west.  There  was  some  evidence  that 
whiteflies  first  moved  into  the  cotton  from  the  alfalfa 
field  immediately  adjacent  and  to  the  east  of  the 
cotton. 
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FUTURE  PLANS;  The  1992  cotton  crop  was  the 
second  year  of  annual  crop  experiments  in  the 
continuing  drip  irrigation  crop  rotation  experiment 
in  the  Imperial  Valley.  Work  on  other  annual  crops 
will  continue.  Serious  mid-  and  late-season  whitefly 
problems  were  encountered  during  the  1992  cotton 
cropping  season,  resulting  in  near  total  defoliation  in 


the  last  weeks  prior  to  harvest  and  considerable 
impact  on  results  of  the  irrigation  study.  For  this 
reason,  cotton  was  not  planted  in  1993,  and  the  next 
crop  will  be  sweet  onions  planted  in  the  fall  of  1993 
(September  or  October).  As  with  the  lettuce  crop, 
the  matric  potential  sensor  control  system  will  be 
used  to  determine  irrigation  scheduling. 
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OBJECTIVES;  The  row  crop  subsurface  drip 
irrigation  project  at  the  Irrigate  Desert  Research 
Station  of  the  USDA-ARS  in  Brawley,  CA  is  a five- 
year  evaluation  of  water  requirements  of  select 
annual  crops  and  the  long-term  influence  of  irriga- 
tion management  on  soil  accumulations  of  salts  and 
potentially  yield-limiting  specific  ions.  This  experi- 
ment focuses  on  the  comparison  of  crop  responses, 
irrigation  water  requirements,  and  salinity  accumu- 
lations as  affected  by  subsurface  drip  irrigation. 
Initial  plans  were  to  include  cantaloupe,  processing 
tomatoes,  cotton  and  lettuce  in  this  study,  but  plans 
were  altered  considerably  to  lettuce,  cotton  and 
sweet  onions  due  to  the  continued  threat  of  white  fly 
infestations  plaguing  the  Imperial  Valley  since  1991. 

PROCEDURES;  The  fleld  layout,  drip  irrigation 
system,  and  basic  cultural  operations  and  plant 
measurements  were  described  previously  in 
"Operational  Procedures"  description  of  this 
experiment  elsewhere  in  this  volume.  In  addition,  in 
cooperation  with  the  USDA-ARS  Cotton  Research 
Laboratory  in  Phoenix,  AZ,  leaves  were  sampled  at 
intervals  during  the  season  to  evaluate  the  influence 
of  irrigation  treatments  and  plant  water  stress  on 
whitefly  infestations  and  resulting  plant  damage. 
Results  of  these  investigations  were  not  all  available 
at  the  time  of  this  report  and  will  not  be 
summarized  here.  Additional  information  on  the 
whitefly  results  will  be  available  from  one  of  the 
authors  at  a later  date. 

RESULTS;  Estimates  of  total  season  soil  water 
depletion  ranged  from  182  mm  in  treatment  T1  to 
less  than  40  mm  in  treatment  T4.  Significant  deep 
percolation  was  estimated  to  occur  in  treatment  T4, 
in  amounts  ranging  from  57  to  88  mm  across  blocks. 
Estimates  of  crop  evapotranspiration  ranged  from  a 
low  of  660  mm  in  T1  to  over  950  mm  in  T3  and  T4. 

Water  application  amounts  based  on  the  soil  matric 
potential  sensors  were  compared  to  estimated  ETc 
calculated  using  grass  reference  ET  (measured  using 
data  from  a CIMIS-type  weather  s'lation  on-site)  in 
combination  with  a modified,  conservative  crop 
coefficient  determined  using  multiple  years  of  data 
from  the  San  Joaquin  Valley.  The  crop  coefficient 
was  modified  to  account  for  faster  early-season  heat 
unit  accumulation  in  the  Imperial  Valley.  In 
general,  estimated  ET  using  this  conservative  crop 
coefficient  fell  about  midway  between  the 
accumulated  applied  water  of  treatment  T2  and  T3. 


Based  on  relative  differences  in  mid-season  to  late- 
season  growth  and  boll  counts  within  the  different 
irrigation  treatments,  it  was  expected  that  significant 
yield  differences  would  be  observed  across 
treatments.  Mid-season  plant  water  stress  levels  in 
treatments  T1  and  T2,  as  indicated  by  Crop  Water 
Stress  Index  (CWSI)  values  in  excess  of  0.4  and  0.2, 
respectively,  were  significantly  worse  than  in  T3  and 
T4.  The  more  severe  water  stress  levels  of  T1  would 
have  been  expected  to  reduce  seedcotton  yields  and 
plant  growth.  As  yield  data  shown  in  Table  1 
indicates,  this  was  not  the  case  in  1992.  Early- 
season  boll  set  was  good  on  all  treatments,  and  this 
was  probably  significant  in  maintaining  relatively 
good  lint  yields  in  the  low  irrigation  treatments  (Tl, 
T2).  Mid-  to  late-season  boll  retention  and 
maturation  were  strongly  influenced  by  the  severe 
whitefly  infestation  which  dominated  the  field  during 
June  and  July.  Apparently,  the  severity  of  the  infes- 
tation and  accompanying  partial  to  total  defoliation 
brought  on  by  whitefly  injury  was  sufficient  to  abort 
bolls  or  restrict  late-season  boll  development. 

Petiole  NO  -N,  PO^-P,  and  K levels  were  within 
levels  considered  adequate  in  all  plots  and  were  not 
significantly  different  across  treatments  prior  to  the 
whitefly  infestations.  Treatment  T4  generally 
exhibited  excessive  vegetative  growth  which  is 
usually  detrimental  to  boll  retention  and  high  yields. 
While  not  statistically  different,  yields  in  T4  were 
actually  closer  to  yields  in  treatment  Tl,  the  low 
water  application  treatment.  Total  above  ground 
plant  dry  matter  and  leaf  area  increased  with 
increasing  water  applications. 

Table  1.  Seed  cotton  and  lint  yields  for  cotton  in 
Brawley  subsurface  drip  experiment  in 
field  F3  during  March  through  August, 
1992. 


Irrigation 

Seed  cotton 
yields 

Lint  cotton 
yields 

treatment  (kg  ha~^ 

) (lbs  ac”^) 

(kg  ha~^) 

(fcsac"^) 

Tl 

2707* 

2415 

1088 

971 

T2 

3215 

2868 

1310 

1169 

T3 

3137 

2799 

1290 

1151 

T4 

2861 

2553 

1184 

1056 

* There  were  no 

significant 

differences 

in  yield 

components  across  irrigation  treatments  by 
Randomized  Complete  Block  Analysis  under 
Orthogonal  Comparisons. 
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LYSIMETER  MEASUREMENTS  OF  EVAPOTRANSPIRATION 
IN  MATURING  PEACH  TREES 

C J.  Phene,  S.  Johnson,  D.  Clark,  R.M.  Mead,  and  P.  Wiley 


OBJECTIVES:  To  use  a computerized  weighing 
lysimeter  system  for  determination  of  evapotran- 
spiration  of  maturing  peach  trees  and  to  control 
micro-irrigation  systems  in  a real  time  feedback 
mode  at  several  evapotranspiration  rates  in  the 
research  site  surrounding  the  lysimeter.  To 
produce  a set  of  crop  coefficient  functions  for 
years  two  through  six  for  use  with  CIMIS  to 
schedule  irrigation  of  peaches  in  the  San  Joaquin 
Valley. 

PROCEDURES:  (For  details  about  lysimeter 

design  and  instrumentation  see  1986  through  1991 
reports).  The  lysimeter  (including  the  water  in  its 
irrigation  tanks)  was  weighed  hourly  to  determine 
the  evapotranspiration  (ET^  of  the  two  trees;  the 
mass  loss  of  the  lysimeter  was  compared  to  a 
threshold  mass  of  96  kg  (8  kg  = 1 mm  ET^  and 
after  12  mm  (96  kg)  of  ET  was  measured  the 
lysimeter  was  irrigated  untif  the  threshold  mass 
was  met.  At  midnight  each  day,  the  water  tanks 
were  refilled  to  a pre-set  level;  the  flow  of  water 
was  measured  electronically  with  a flowmeter  and 
the  new  lysimeter  mass  was  used  as  the  baseline 
mass  for  the  next  day. 

Daily  outputs  from  the  lysimeters  were  transmitted 
automatically  via  telecommunication  to  the  Water 
Management  Research  Laboratory  microcomputer 
and  basic  data  were  stored  on  a hard  disk  and 
backed  up  on  high  density  floppy  disks. 


RESULTS:  Table  1 shows  monthly  simmaries  of 
rainfall,  lysimeter  ET^  grass  reference  ET 
(CTMIS),  the  lysimeter*^  and  actual  tree  crop 
coefficients  (K  *s),  and  the  number  of  lysimeter 
irrigations. 

Figure  1 shows  the  daily  reference  ET  and  the 
peach  tree  evapotranspiration  calculate  for  the 
total  area  occupied  by  a tree  (not  the  lysimeter 
area).  Figure  2 shows  the  crop  coefficients  for 
nearly  mature  peach  trees;  the  lysimeter  calculated 
is  on  the  left  axis  and  the  actual  tree  K is  on 
the  right  axis.  Figure  3 shows  the  integrate  crop 
coefficients  for  the  tree  from  1988  through  1992. 
These  curves  were  generated  by  daily  calculations 
of  the  cumulative  ET  and  ET  data  and  taking 
the  ratio  of  the  slope  of  the  ET^  and  ET  curves. 
As  discussed  in  previous  repo^  the  K°  tracks 
evapotranspiration  and  hence  its  accuracy  in 
pre^cting  ET  is  limited  to  ± 10%,  especially  on 
a daily  basis.  ‘Each  tree  used  approximately  9812 
L of  water.  Reference  ET  was  1298  nun.  There 
were  189  irrigations,  totaling  2268  mm  of  applied 
water  and  368  mm  of  rainfall.  No  drainage  was 
collected  from  the  lysimeter.  The  two  trees  in  the 
lysimeter  grew  to  a size  approximately  equal  to  the 
size  of  the  trees  in  the  surrounding  orchard. 

FUTURE  PLANTS:  This  experiment  will  be 

continued  until  the  peach  trees  reach  a fully 
mature  stage. 


Table  1.  Monthly  totals  of  rainfall,  peach  tree  ET  (lysimeter),  reference  ET  (Et  , CIMIS)  lysimeter  and 
peach  tree  K^'s,  and  number  of  irrigations. 


Month 

Rain 

(mm) 

ETc 

Lysimeter 

(mm) 

CIMIS(ET^) 

(mm) 

Lysimeter 

K 

C 

Actual  K 
(8.91  m^  ® 
/tree) 

#of 

Lysimeter 

Iirigations 

Jan 

49 

6 

21 

0.26 

.117 

0 

Feb 

108 

25 

54 

.46 

.207 

0 

March 

33 

50 

91 

J5 

.248 

0 

April 

13 

165 

148 

1.12 

.504 

13 

May 

15 

328 

187 

1.75 

.788 

27 

June 

1 

386 

191 

2.03 

.914 

33 

July 

0 

460 

155 

2J3 

1.05 

38 

Aug 

0 

445 

181 

2.46 

1.11 

37 

Sept 

0 

329 

127 

2.58 

1.16 

28 

Oct 

59 

209 

81 

2.57 

1.16 

13 

Nov 

3 

39 

39 

.99 

.44 

0 

Dec 

8 

11 

23 

.49 

.22 

0 

Total 

368 

2453 

1298 

189 

-51- 


ije 


1.17 


I 


E 


O' 

0.3>  o 
u 


0.00 


t 31  61  91  121  1S1  101  211  241  271  301  331  301 

Day  of  the  Year  (1992) 


73 


0 


Figure  3.  Integrated  crop 
coefficients  K^'s  for 
nearly  mature  peach 
trees  planted  in  1987 
(lysimeter  area,  left 
axis  and  actual  area, 
right  axis). 
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LYSIMETER  MEASUREMENTS  OF  EVAPOTRANSPIRATION  IN  MATURING  GRAPES 
CJ.  Phene^  L.  Williams,  D.  Clark,  R.M.  Mead,  and  P.  Biscay 


OBJECllVES;  To  use  a computerized  weighing 
lysimeter  system  for  determination  of  evapotranspi- 
ration  and  crop  coefficient  (K^  of  drip  irrigated 
grapes;  to  control  in  a real  tune  feedback  mode 
surface  and  subsurface  drip  systems  at  several 
evapotranspiration  rates  in  the  research  site 
surrounding  the  lysimeter;  to  produce  a set  of  crop 
coefficient  functions  for  years  two  through  six  for 
use  with  CIMIS  to  schedule  irrigation  of  grapes  in 
the  San  Joaquin  Valley. 

PROCEDURES;  The  lysimeter  (see  1987  through 
1991  annual  reports  for  details),  including  the  water 
in  the  tanks,  was  weighed  hourly  to  determine  the 
evapotranspiration  (ET^  of  the  two  grapevines;  the 
mass  change  was  compared  to  a threshold  mass  of  16 
kg  (8  kg  - 1 mm  ET^  and  after  16  kg  of  mass  loss 
the  lysimeter  was  irr^ted  until  the  threshold  mass 
was  met.  At  midnight  each  day,  the  water  tanks 
were  refilled  to  a pre-set  level;  the  volume  of  water 
was  measured  with  an  electronic  flowmeter  and  the 
lysimeter  mass  was  used  as  the  baseline  mass  for  the 
next  day.  Daily  crop  coefHcients  (K  J were  calcu- 
lated by  taking  the  ratio  of  ET  fET  where  ET^  is 
the  grass  reference  evapotranspiration.  Reference 
crop  ET  (ET  ) was  calculated  from  data  collected  at 
a CIMIS  weather  station  located  at  the  Kearney  Ag 
Center,  approximately  325  m from  the  Thompson 
Seedless  vineyard  us^  in  the  study.  Soil  water 
content  was  measured  with  a Troxler  Model  3332 
Depth  Moisture  Gauge  (neutron  probe).  Daily 
sensor  outputs  from  the  lysimeter  were  transmitted 
via  telecommunication  to  the  WMRL  microcomputer 


and  basic  data  were  stored  on  a hard  disk  and 
backed  up  on  high  density  floppy  disks. 

RESULTS;  Table  1 shows  monthly  summaries  of 
rainfall,  lysimeter  ET^  the  reference  evapotranspi- 
ration (ET^,  the  lysimeter  the  actual  vine 
and  the  number  of  lysimeter  irrigations. 

Figure  1 shows  the  daily  reference  ET  and  the  vine 
evapotranspiration  calculated  for  t£e  total  area 
occupied  by  a vine  (not  the  lysimeter  area).  Figure 
2 shows  the  crop  coefficients  for  mature  Thompson 
seedless  vines;  the  lysimeter  calculated  K is  on  the 
left  axis  and  the  actual  vine  K is  on  the  nght  axis. 
Figure  3 shows  the  integrated^^crop  coefficients  for 
the  vine  from  1988  through  1992.  These  curves  were 
generated  by  daily  calculations  of  the  cumulative 
ET  and  ET  data  and  taking  the  ratio  of  the  slope 
of  tlie  ET  and  ET  curves.  As  discussed  in  previous 
reports,  tfie  K tracks  evapotranspiration  and  hence 
its  accuracy  in  predicting  ET  is  limited  to  ± 10%, 
especially  on  a daily  basi&  Each  vine  used 
approximately  6632  L of  water.  Reference  ET^  was 
1298  mm.  There  were  696  irrigations,  totaling  1372 
mm  of  applied  water  and  368  mm  of  rainfall.  No 
drainage  was  collected  from  the  lysimeter.  The  two 
vines  in  the  lysimeter  grew  to  a size  approximately 
equal  to  the  size  of  the  vines  in  the  surrounding 
vineyard. 

FUTURE  PLANTS;  This  experiment  will  be 
continued  until  the  peach  trees  reach  a fully  mature 
stage. 


Table  1.  Monthly  totals  of  rainfall,  grapevine  ET*^  (lysimeter),  reference  ET  (Et^,  CIMIS),  lysimeter 

and  grapevine  K^'s,  and  number  of  irrigations. 


Month 

Rain 

(») 

ET 

c 

LynlBBter 

(i«) 

CIMIS(ET^) 

Lyaleeter 

K 

c 

Actual  K 
(7.52  B^/vlM) 

• of 

LyslBater 

Irrigations 

Jan 

49 

9 

21 

0.44 

0.23 

0 

Feb 

108 

30 

54 

0.54 

0.29 

0 

Itarch 

33 

53 

91 

0.12 

0.06 

0 

April 

13 

93 

148 

0.61 

0.33 

2 

May 

15 

230 

187 

1.22 

0.65 

106 

June 

1 

314 

191 

1.65 

0.88 

157 

July 

0 

335 

155 

1.70 

0.91 

167 

Aug 

0 

295 

181 

1.63 

0.87 

147 

Sept 

0 

166 

127 

1.21 

0.65 

83 

Oct 

59 

74 

81 

0.89 

0.47 

34 

Hov 

3 

29 

39 

0.74 

.39 

0 

Dec 

87 

30 

23 

0.91 

0.49 

0 

Total 

368 

1658 

1298 

696 
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Figure  2.  Crop  coefTicients  of 
nearly  mature 
Thompson  Seedless 
vines  based  on 
lysimeter  area 
axis)  and  actual  area 
occupied  by  each  vine 
(right  axis). 


Figures.  Integrated  crop 
coefficients  K^'s  for 
nearly  mature 
Thompson  Seedless 
vines  planted  in  1987 
(lysimeter  area,  left 
axis  and  actual  area, 
right  axis). 
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CONTROLLING  GROWTH  OF  SUBSURFACE  DRIP-IRRIGATED  COTTON 
WITH  PRECISE  PIX  INJECTION  IN  THE  IRRIGATION  WATER 

R.B.  Hutmacher,  G.S.  BaAuelos,  S.S.  Vail, 

S.  Zambrzuski,  S.  Downey 


OBJECTIVE;  To  evaluate  the  effect,  if  any,  on 
cotton  growth  of  different  concentrations  and 
frequencies  of  PIX  applied  through  a subsurface  drip 
system. 

PROCEDURE;  Cotton  (VAR.  Maxxa)  was  planted 
during  1992  (JD  114)  in  a Panoche  Clay  loam  soil  at 
the  University  of  Clalifomia  West  Side  Field  Station. 
The  treatments  were  arranged  in  a randomized  com- 
plete block  design.  The  plot  area  consisted  of  four 
replicates  of  nine  treatments.  Each  plot  consisted  of 
12  rows  spaced  0.76  m apart  and  approximately 
10  m in  length.  Prior  to  planting,  subsurface  drip 
irrigation  laterals  were  shanked  into  the  field  at  a 
depth  of  45  cm  below  the  average  soil  surface,  with 
the  laterals  placed  in  alternate  furrows  for  a total  of 
six  per  plot.  In-line  turbulent-flow  emitters  were 
used,  with  a flow  rate  of  4 L/h,  spaced  0.9  - 1 m 
apart  along  each  lateral.  All  plots  were  irrigated 
with  subsurface  drip,  operated  to  apply  approxi- 
mately 1 mm  per  irrigation.  Irrigation  was  applied 
as  needed  to  replace  100%  of  estimated  crop  evapo- 
transpiration  (ET^.  The  ET  was  calculated  using 
a crop  coefficient  (K^  (developed  in  1988  during 
previous  cotton  subsurface  drip  experiments  at  the 
WSFS)  in  conjunction  with  grass  reference  evapo- 
transpiration  determined  on-site  at  the  weather 
station  installed  by  the  WMRL  at  the  field  station. 


Treatment  #3; 


Treatment  #4; 


Treatment  #5; 


Treatment  #6; 


- .0059%  PIX  (JD183-192); 
thereafter,  > .043%  PIX  (total  of  10 
applications). 

- .011%  PIX  (JD  181-192), 

thereafter,  - .093%  PIX  (Total  of  7 
applications). 

- .01%  PIX  (JD  181-192); 

thereafter,  .096%  (total  of  11 
applications). 

- .063%  PIX  (JD  181-192); 

thereafter,  « .463%  (total  of  11 
applications). 


The  following  parameters  were  measured  during  the 
season;  plant  height,  node  counts  (main  stem  and 
vegetative),  number  of  fruiting  branches,  number  of 
bolls/plant,  percentage  of  bolls  by  position,  and 
petiole  samples  (analyzed  for  nitrates,  potassium,  and 
phosphates)  were  monitored  throughout  the  growing 
season.  Soil  moisture,  total  applied  water  and  leaf 
water  potentials  were  also  monitored.  Canopy 
temperature  and  psychrometer  data  were  collected 
weekly  to  determine  crop  water  stress  index  (CWSl) 
values.  Several  destructive  plant  samplings  were 
taken  to  determine  concentrations  of  PIX  in  various 
plant  tissues.  Harvest  was  on  JD  301,  and  seed 
cotton  yield,  percentage  of  lint,  and  lint  yield  were 
determined. 


Phosphoric  acid,  calcium  ammonium  nitrate  (CAN- 
17),  and  potassium  nitrate  fertilizers  were  applied 
through  the  subsurface  drip  system  using  a 
Hutchings  injection  pump  system. 

Both  irrigation  and  fertilizer  application  amounts 
were  monitored  on  a weekly  basis.  Growth 
regulator  treatments  of  mepiquat  chloride  (PIX) 
(applied  between  JD  181-213,  1992)  consisted  of  a 
control  (T#9,  no  PIX);  2 foliar  application  treat- 
ments (@  1 pint/acre  rate,  .62%  PIX)  at  2 different 
frequencies  (T#7,  1 x;  T#8,  2 x per  season);  and  6 
subsurface  drip  application  treatments  (applied 
through  a Dosatron  injector  @ 1;200  dilution) 
using  different  combinations  of  concentration  and 
frequency  (T#l-6). 

Treatment  #1;  - .0056%  PIX  between  day  181 
through  183;  thereafter,  - .0495% 
(total  of  7 applications). 

treatment  #2;  - .006%  PIX  (JD  181-192); 

thereafter,  - .046%  (total  of  11 
applications). 


RESULTS;  Plant  height  measurements  were 
significantly  effected  by  the  foliar  applications  only 
(TRT  m and  #8)  on  the  average  17%  lower  than  all 
other  treatments.  Number  of  main  stem  nodes  on 
averages  were  6%  lower  for  TRT  #7  and  #8  as 
compared  with  the  other  treatments.  The  total 
season  drip  irrigation  amounts  averaged  755  mm  for 
all  treatments,  with  an  x soil  water  depletion  of 
- 160*  m,giving  a total  x water  use  of  - 915*  mm 
(zero  rainfall). 

Seed  cotton  yields  averaged  7173.7  kg/ha,  with  the 
only  significant  differences  between  TRT  #5  flow) 
and  #6  (high).  The  average  percentage  of  lint  was 
39.45%,  the  average  lint  yield  2865.52  kg/ha,  with  no 
significant  treatment  differences. 

FUTURE  PLANS;  Changes  will  be  made  in  timing,, 
rate,  and  concentrations  of  PIX  applications 
experiment  will  be  relocated  to  an  adjacent  larger 
field  as  part  of  a N study  beginning  April  1993  at  the 
West  Side  Field  Station. 
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NORTH  LYSIMETER  AND  SDI  FIELD  UPDATE 

K.R.  Davis,  C J.  Phene,  R^.  Hutmacher,  R.Mead,  S.Vail, 
M.  Peters,  D.  Clark,  D.  Ballard,  and  N.  Hudson 


OBJECTIVES:  To  update  activities  on  north 

lysimeter  Held  (Field  27). 

PROCEDURES;  During  the  winter  1990-1991 
subsurface  drip  irrigation  (SDI)  laterals  were 
shanked  into  two-thirds  of  the  existing  beds  of  the 
north  lysimeter  field  (Field  27)  at  the  University  of 
California  West  Side  Field  Station.  The  renuiining 
beds  consisted  of  the  original  SDI  plots  installed  at 
45  cm  depth  in  1984.  (See  various  Annual  Reports 
and  publications.)  The  SDI  laterals  were  installed  in 
the  center  of  163-cm  wide  beds  and  at  depths  of  60 
cm  (old  high-frequency  surface  drip  [HFSD]  plots) 
and  30  cm  (old  low-frequency  surface  drip  [LFSD] 
plots).  The  dripline  (DL)  installed  was  of  the  in-line 
emitter  type  (GEOFLOW,  Rootguard)  with  a 
nominal  flow  rate  of  4 1/hr  at  18  PSI  and  a spacing 
of  0.9  m. 

The  field  plots  were  fallow  during  1991.  Retrofit 
construction  began  in  October,  1991.  Existing  PVC 
mainlines  and  submain  risers  were  located  and 


exposed.  Trenches  were  excavated  inside  of  the 
existing  mainlines  and  plot  submains  were 
constructed  and  connected  to  the  mainlines.  Also,  at 
the  ends  of  each  plot,  flushout  manifolds  were 
installed. 

During  1992  the  field  plots  and  crop  lysimeter  were 
planted  to  wheat  and  managed  uniformly. 

RESULTS;  After  field  modifications,  fallow,  and 
uniform  cropping,  the  north  lysimeter  field  was 
prepared  for  future  use.  These  field  plots  have  SDI 
place-ment  depths  of  30,  45,  and  60  cm  as  major 
treatments  with  four  replications. 

FUTURE  PLANS:  The  pump  station  will  be  re- 
constructed in  1993  to  include  new  centrifugal 
irrigation  pump,  sand-media  filter,  screen  filter, 
flow-sensing  proportioning  pump,  and  9-section 
meter/valve  headwork  manifold.  The  field  plots  and 
crop  lysimeter  will  be  used  for  research  in  1993. 
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DRIP  LATERAL  INSTALLATION  DEPTH:  EFFECTS  ON  CROP  GROWTH,  YIELD, 
NUTRIENT  UPTAKE  AND  SOIL  WATER  AND  SALINITY  DISTRIBUTION 

ILB.  Hutmacher,  C J.  Phene,  K.R.  Davis,  DA.  Clark,  M.  Rehan, 

CA.  Hawk,  M.S.  Peters,  D.  Ballard,  N.  Hudson,  A.  Bravo 


OBJECTIVES:  Determine  the  influence  of  subsur- 
face drip  lateral  installation  depth  on:  (a)  growth 
and  yield  of  cotton  and  other  crops;  (b)  salinity  and 
water  distribution  within  the  soil  profile  relative  to 
emitter  locations;  and  (c)  crop  nutrient  uptake  and 
applied  nutrient  distribution  within  the  soil  profile. 


PROCEDURES:  Early  in  1992,  drip  tubing  with 
in-line  emitters  was  installed  at  depths  of  30,  45, 
and  60  cm  (12,  18,  24  inches,  respectively)  with 
uniform  64  inch  lateral  spacing.  Drip  lines  were 
installed  below  the  center  of  each  64  inch  bed.  Each 
lateral  installation  depth  treatment  consisted  of  10 
beds  per  plot,  replicated  4 times.  This  field  already 
is  the  site  of  an  in-ground  weighing  lysimeter  which 
can  be  used  to  monitor  crop  water  use  and  can 
control  field  irrigation.  A new  pump,  media  and 
screen  filters,  proportional  flow  fertilizer  injection 
system,  and  electronic  water  meters  and  pressure 
transducers  will  allow  more  complete  control  and 
automated  monitoring  capabilities.  Irrigation  water 
will  come  from  the  Clalifomia  Aqueduct  and/or  from 
a moderately  saline  deep  well,  with  the  source 
depending  on  1993  water  allotments  in  the  Westlands 
Irrigation  District. 

Within  each  installation  depth  treatment,  there  was 
a further  subdivision  of  three  secondary  treatments 
of  3,  3,  and  4 beds  each  within  each  replication. 
These  secondary  treatments  will  allow  consideration 
of  water  application  amount  and  fertility  treatments 
in  addition  to  the  lateral  installation  depth 
treatments. 

During  the  1993  season,  cotton  was  grown  on  this 
field  and  the  three  secondary  treatments  consisted  of 
different  application  treatments  of  the  plant  growth 
regulator  "FIX"  (mepiquat  chloride).  The  liquid 
growth  regulator  was  injected  into  the  irrigation 
water  during  a 10  mm  irrigation,  followed  up  within 


one  to  two  hours  with  another  8 mm  application  of 
irrigation  water  to  dilute  and  move  the  growth 
regulator  out  from  the  point  of  application  into  the 
root  volume.  Application  rates  of  0 L ha-1,  21.9  L 
ha-1,  and  36.6  L ha-1  will  be  tested  in  1993,  with 
these  application  rates  based  on  preliminary  results 
from  a 1992  study  (see  "Controlling  growth  of 
subsurface  drip  irrigated  cotton  with  precise  FIX 
injection  in  the  irrigation  water"  elsewhere  in  this 
volume). 

Flant  growth,  development  and  yields  will  be 
monitored  to  evaluate  tbe  effects  of  drip  lateral 
installation  depth  and  FIX  treatments.  Flant  water 
status  will  be  monitored  using  infrared  thermometer 
techniques.  Fetiole  nutrient  status  will  be  monitored 
weekly  and  above-ground  plant  samples  will  be 
collected,  separated  into  component  parts,  and 
ground  for  analysis  of  nutrient  uptake  several  times 
during  the  growing  season. 

RESULTS  / FUTURE  FLANS:  Drip  tubing  install- 
ation was  completed  in  1992.  A grid  of  9 matric 
potential  sensors  will  be  installed  in  spring  of  1993 
at  one  field  location  within  each  lateral  installation 
depth  treatment  in  order  to  monitor  soil  matric 
potential  as  a function  of  depth  and  distance  from 
drip  emitters.  Completion  of  the  pump  and  manifold 
control  system  for  water  and  fertilizer  application  is 
scheduled  for  completion  during  late  spring/early 
summer  of  1993.  A cotton  crop  will  be  planted  in 
April,  1993  and  crop  growth  parameters,  nutrient 
status  and  yield  responses  will  be  monitored. 

The  influence  of  depth  of  lateral  installation  on  soil 
water,  nutrient  and  salt  distribution  will  be 
determined  using  a combination  of  in-situ  soil 
sensors  and  chemical  analyses  of  soil  samples 
collected  a minimum  of  three  times  (early-season, 
late-season,  post-season). 
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UNIFORMITY  EVALUATION  OF  SUBSURFACE  DRIP  IRRIGATION  SYSTEMS 
AT  UC  WEST  SIDE  FIELD  STATION,  FIVE  POINTS,  CA 

R.  Yue,  L.  Kong,  CJ.  Phene,  J.  E.  Ayars,  I-Pai  Wu,  K.  Davis 


OBJECTIVES;  To  test  and  simulate  the  uniformity 
of  subsurface  drip  irrigation  systems  at  UC  West 
Side  Field  Station,  Five  Points,  CA. 

PROCEDURES;  The  original  subsurface  drip 
systems  was  installed  in  1984  and  consisted  of 
Agrifim  In-Line  turbulent  emitters.  In  April,  1989, 
eight  PO  laterals  in  replications  1 (P12I^)  and  2 
(PL4P0)  were  replaced  with  Agrifim  "RootGuard” 
In-Line  turbulent  flow  emitters.  The  drip  tube 
installation  depth  was  18  inches,  and  the  nominal 
emitter  flow  rate  was  4 L/H.  Water  pressure  at  inlet 
of  the  mainline  is  24  psi.  The  submain  units  are 
either  16.5  ft  (PI  and  P2)  or  22.0  ft  (PO)  wide,  and 
298  ft  long.  Each  unit  contains  3 (Pis  or  P2s)  or  4 
(POs)  drip  tubes.  Please  refer  to  earlier  Annual 
Report,  or  Davis,  K.R.  et.  al.,  "Trickle  Frequency 
and  Installation  Depth  Effects  on  Tomatoes", 
Proceedings  of  the  Third  International  Drip/Trickle 
Irrigation  Congress,  Fresno,  CA,  1985,  for  detail 
information.  Eight  submain  units  were  evaluated  by 
both  the  Random-18-Point  field  test  method  and 
simulation  models  EGL,  REGL  and  SBS  during 
September  and  October,  1992. 

The  same  testing  procedures  was  used  as  in 
"Uniformity  Evaluation  of  Subsurface  Drip  Irriga- 
tion Systems  at  Britz  Farm,  Mendota,  C!alifomia”,  of 
this  report. 


RESULTS;  Figure  1 shows  the  results  in  terms  of 
UC,  CV  and  q^^>  Figure  2 shows  the  differences 
between  fleld  tests  and  model  simulations.  If  a 
submain  unit  has  a higher  UC,  it  will  have  a lower 
CV  or  q^. 

Most  of  the  field  tested  UCs  and  the  model  simulated 
UCs  are  above  95%.  This  proves  that  the  drip 
systems  perform  very  well  even  after  nine  years,  and 
model  simulation  results  match  the  fleld  test  results, 
with  6%  maximum  UC  differences  if  all  the  leaks  are 
repaired.  One  emitter  out  of  the  nineteen  emitters 
dug  out  in  Plot  11,  PO  was  totally  plugged;  one 
emitter  out  of  the  nineteen  emitters  dug  out  in  Plot 
11,  PI  was  almost  totally  plugged.  Both  leaks  and 
emitter  plugging  affect  the  performance  of  drip 
irrigation  systems  significantly.  The  UC  of  Plot  11, 
PO  dropped  from  96%  to  90%  based  on  the  field  test 
results,  to  86%  based  on  the  model  simulation 
results,  if  one  out  of  every  nineteen  emitters  is 
plugged.  The  tested  UC  would  drop  from  91%  to 
84%  if  leaks  were  not  repaired  in  Plot  11,  P2. 
Hydraulic  design,  manufacturing  variation,  emitter 
plugging,  temperature,  leaks  are  the  important 
factors  that  aflect  the  performance  of  drip  irrigation 
systems. 
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Results  of  Field  Tests  and  Model  Simulations 
WSFS,  Agrifim  in-Line  Tube,  91m  Tube  Length 


**  Unrepaired  leaks  included  P1  or  P2:  3 drip  tubes 

Emitter  Parameters:  k-1.2341,  x-0.5107,  CV(M)-2.5% 


Resuits  of  Field  Tests  and  Model  Simulations 
WSFS,  Agrifim  In-Line  Tube,  91m  Tube  Length 


cv,  % 

y 

/• 

/ 

V 

V 

1 

aO 

aO 

aO 

aB 

p 

1 

k. 

k. 

k 

k 

1 

k 

k 

k 

k 

i 

S 

aal 

k 

k 

k 

Tl  [ 

/, 

k 

k 

k 

k 

s 

IWl 

1 

m 

Si 

limiin 

/ 

/ 

k 

k 

k 

k 

lE 

E 

PLdPO 

PL7P0 

PL1 1P0« 

PL11PD 

PL2P1 

PL11P1 

PL2P2 

PL11P2— 

PL1 1P2 

Plaid  Teal 

9.9 

9.99 

6 *2 

30  1 

4 47 

5.27 

23. 

70 

e.  17 

0.11 

23.74 

10.02 

i 1 

COL 

d.«7 

4.47 

4.47 

27.04 

4.47 

4.0 

27.00 

4.0 

4.0 

4.0 

4.0 

PJJJ 

peoL 

4.ea 

4. OS 

4 05 

27.73 

4.05 

4.15 

27.70 

4.15 

4 15 

4 15 

4.15 

• BB 

a.B7 

3 *7 

3 «7 

27  72 

3 57 

4 05 

27. 

70 

4.05 

4.00 

4 OO 

4 03 

* Emitter  plugging  included  PO:  4 drip  tubes 

**  Unrepaired  leaks  included  PI  or  P2:  3 drip  tubes 

Emitter  Parameters:  k-1.2341,  x-0.5107,  CV(M)-2.5% 


Resuits  of  Field  Tests  and  Model  Simulations 
WSFS,  Agrifim  In-Line  Tube,  91m  Tube  Length 
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* Emitter  plugging  included  PO:  4 drip  tubes 

**  Unrepaired  leaks  included  PI  or  P2:  3 drip  tubes 

Emitter  Parameters:  k-1.2341,  x-0.5107,  CV(M)-2.5% 


Figure  1. 
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Difference  Between  Tests  and  Simulations 
WSFS,  Agrifim  In-Line  Tube,  91m  Tube  Length 


* Emitter  plugging  included  PO:  4 drip  tubes 

**  Unrepaired  leaks  included  P1  or  P2:  3 drip  tubes 

Emitter  Parameters:  k-1.2341,  x-0.5107,  CV(M)-2.5% 

Difference  Between  Tests  and  Simulations 
WSFS,  Agrifim  In-Line  Tube,  91m  Tube  Length 


* Emitter  plugging  included  PO:  4 drip  tubes 

**  Unrepaired  leaks  included  PI  or  P2:  3 drip  tubes 

Emitter  Parameters:  k-1.2341,  x-0.5107,  CV(M)-2.5% 

Difference  Between  Tests  and  Simulations 


* Emitter  plugging  included  PO:  4 drip  tubes 

**  Unrepaired  leaks  included  P1  or  P2:  3 drip  tubes 

Emitter  Parameters:  k-1.2341,  x-0.5107,  CV(M)-2.5% 


Figure  2. 
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NITROGEN  MANAGEMENT  OF  COTTON  UNDER  SUBSURFACE  DRIP  IRRIGATION: 
IDENTIFICATION  OF  CRITICAL  N LEVELS 

R.B.  Hutmacher,  CJ.  Phene,  TA.  Kerby,  S^.  Vail, 

CA.  Hawk,  M.S.  Peters,  M.  Keeley,  A.  Bravo,  T.  Pflaum 


OBJECTIVES:  This  subsurface  drip  irrigation 

experiment  is  part  of  a series  of  three  to  five  year 
cooperative  projects  with  the  goal  of  identification  of 
specific  relationships  between  nitrogen  fertilizer 
applications  and  soil  nitrogen  status,  measured  plant 
nutrient  uptake,  growth  rates,  yield,  and  various 
physiological  responses  (at  the  leaf  and  whole-plant 
level)  of  cotton  to  N availability.  The  subsurface 
drip  system  is  being  used  in  a portion  of  this 
experiment  to  provide  a means  to  deliver  precise 
amounts  of  N over  time  and  identify  plant  responses 
to  different  severities  and  timing  of  nitrogen  deficits. 

PROCEDURES:  Irrigation  System.  1993  will  be  the 
first  year  of  a three-  to  five-year  study.  The  cotton 
variety  used  in  the  drip  study  will  be  ”Maxxa".  The 
drip  system  consists  of  drip  laterals  spaced  1.52  m 
apart,  centered  on  every  other  furrow,  and  45  cm 
below  the  average  soil  surface.  Drip  emitters  are 
1.02  m apart  on  the  drip  laterals  and  are  turbulent- 
flow,  in-line  style  with  a nominal  flow  of  2 L h~^  at 
18  to  20  psi  operating  pressure.  Each  plot  consists 
of  12  rows  of  plants,  spaced  0.76  m apart  and  93  m 
in  length. 

N Fertilizer  Treatments.  There  will  be  nine  fertilizer 
treatments  which  will  include  combinations  of 
patterns  of  nitrogen  application  Oinear  versus 
growth -stage  and  uptake  rate-dependent),  total 
amount  of  nitrogen  applied  (targets  of  60,  120,  180 
kg  N ha~^),  and  amount  of  pre-plant  fertilizer 
applied  (0  versus  50  kg  N ha~^).  All  fertilizer 
treatments  are  replicated  four  times.  Phosphoric 
acid  and  potassium  thiosulfate  will  supply 
phosphorus  and  potassium  requirements  for  the  crop, 
respectively,  and  will  be  injected  using  a 
proportional  fertilizer  injector.  Potassium  thio- 
sulfate applications  will  be  made  once  per  week  and 
will  be  separate  in  time  from  phosphoric  acid  and 
calcium -ammonium  nitrate  applications  (which  are 
continuous  during  all  other  irrigations)  in  order  to 
avoid  potential  interactions  between  nutrient  sources. 
Differential  N application  treatments  will  require  use 
of  venturi-type  injectors  and  secondary  pressure 
regulators  to  assure  proper  flow  and  application 
rates  across  treatments. 


Soil  and  Plant  Sampling.  All  fertilizer  treatments  will 
receive  the  same  amount  of  water.  Initial  soil 
samples  will  be  collected  to  a depth  of  3 m to 
determine  initial  soil  N fractions.  Additional  soil 
samples  will  be  collected  at  harvest  to  identify  end- 
of-season  N status. 

Petiole  samples  from  the  most  recent  fully-expanded 
leaves  will  be  collected  weekly  and  analyzed  for 
N03-N,  P04-P,  and  K.  Above-ground  plant 
samples  will  be  collected  twice  during  the  season  to 
identify  above-ground  nutrient  uptake  based  on 
average  tissue  concentrations  and  dry  matter 
sampling  of  component  plant  parts.  Main  stem  and 
symodial  leaves  at  different  positions  within  the 
canopy  will  be  sampled  at  intervals  through  the 
season  and  analyzed  for  gas  exchange  rates,  total-N, 
chlorophyll  levels,  and  incident  radiation.  Leaf 
sample  cores  will  be  sampled  at  first  bloom,  peak 
bloom  and  during  boll  development  by  University  of 
CA  cooperators  to  identify  changes  in  soluble  protein 
levels  and  activity  of  specific  enzymes. 

Plant  water  status  will  be  monitored  using  infrared 
thermometry  and  CWSI  methods.  Plant  growth  and 
development  will  be  monitored  as  plant  height,  node 
counts,  nodes  above  white  bloom.  Plant  mapping 
will  be  done  in  conjunction  with  University  of  CA 
cooperators  on  the  project.  Yields  will  be  deter- 
mined on  two  rows  per  plot  using  a modified 
commercial-type  spindle  picker. 

FUTURE  PLANS:  The  project  plans  are  to  proceed 
as  described  above  during  the  1993  season,  and 
continue  on  larger  plots  during  the  following  season. 
Measurements  will  likely  be  modified  based  on  the 
relative  success  in  identifying  crop  responses  to 
adequate  versus  deficient  N.  The  long-term  goal  is 
to  identify  growth-stage-specific  levels  of  nitrogen 
and  their  relationships  to  physiological  functions, 
growth  and  yield-limitations.  Other  related  projects 
will  be  initiated  in  1993  at  other  sites  under  furrow 
irrigation. 
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SUBSURFACE  DRIP  IRRIGATION  OF  ACALA  AND  PIMA  COTTON: 
PLANT  WATER  RELATIONS 

R.B.  Hutmacher,  C J.  Phene,  K.R.  Davis,  T.  Kerby, 

M.  Peters,  S.S.  Vail,  D.  Ballard,  N.  Hudson, 

A.  Bravo,  J.  Misaki,  D.  Clark,  M.  Keeley 


OBJECTIVES:  The  overall  objectives  of  this  project 
were  to  evaluate  the  responses  of  three  types  of 
cotton  (Acala  "GC510"  and  **Columnar”  and  Pima 
”S6”)  grown  under  subsurface  drip  irrigation  and  a 
narrow-row  (76  cm  row  spacing)  production  system. 
Crop  water  requirements,  use  of  stored  soil  water, 
root  distribution  and  density,  and  specific  crop 
growth,  plant  water  status,  plant  nutrient  status  and 
uptake,  and  gas  exchange  responses  to  irrigation 
ranging  from  mild  to  moderate  deficit  irrigation  in 
a clay  loam  soil  will  be  determined  in  this  study. 

PROCEDURES:  1992  was  the  second  year  of  this 
three-year  cotton  study  in  a Panoche  clay  loam  soil 
at  the  University  of  California  West  Side  Research 
and  Extension  Center.  Row  spacing  was  76  cm  and 
the  drip  irrigation  laterals  were  shanked  in  about  45 
cm  deep  in  alternate  furrows,  centered  in  the 
furrows.  Details  of  the  drip  irrigation  system,  its 
operation  and  application  amounts,  and  methods  of 
determining  grass  reference  evapotranspiration  (ET  ) 
and  crop  coefficients  are  given  in  this  volume  in  the 
report  **  Subsurface  drip  irrigation  of  Acala  and 
Pima  cotton:  Operational  procedures**.  Six  subsur- 
face drip  irrigation  treatments  were  evaluated,  with 
the  treatments  representing  six  different  combina- 
tions of  percentages  of  crop  ET  applied  during 
specific  portions  of  the  growing  season,  as  described 
in  the  **  Operational  Procedures**  report  on  this 
project. 

The  responses  of  three  types  of  cotton  were  evalu- 
ated within  each  of  the  six  irrigation  treatments:  (1) 
a commercial  narrow-row  cotton  (GC-510);  (2)  a 
columnar-type  cotton  out  of  the  University  of 
California  cotton  program;  and  (3)  a **Pima**  type 
(Pima  S6).  All  three  types  of  cotton  were  grown  at 
the  same  planting  density  and  cultural  conditions 
were  identical  across  the  three  cotton  types.  Each 
individual  plot  was  split  into  5 rows  which  were 
sprayed  once  per  season  with  the  growth  regulator 
**PIX**  (Mepiquat  chloride),  and  5 rows  which  were 
not  sprayed  (**No  Pix**  plots),  with  the  PIX  applied 
on  July  9 at  a rate  of  0.5  pints  per  acre. 

Early-  to  mid-afternoon  leaf  water  potentials 
(LWP)  were  determined  on  selected  treatments 
(irrigation  and  PIX  treatments)  in  all  three  cotton 


types  (Pima,  GC510,  Columnar)  using  a Schollander- 
type  pressure  chamber.  Three  subsamples  were 
evaluated  in  each  of  three  field  replications  for  each 
treatment.  Fully-illuminated,  recently-mature 
leaves  from  the  fourth  or  fifth  most  recent  main 
stem  node  position  were  placed  in  a plastic  bag  while 
still  on  the  plant,  excised,  and  stored  temporarily  in 
humid,  sealed  plastic  containers,  and  leaf  water 
potentials  were  determined  within  10  to  15  minutes 
of  collection.  Infrared  thermometer  and  psychro- 
meter  data  for  determination  of  the  crop  water  stress 
index  ((TWSI)  was  also  collected  in  select  plots,  but 
will  not  be  discussed  here. 

RESULTS:  As  in  the  1991  season,  within  any 
individual  irrigation  treatment,  few  significant 
differences  in  LWP  existed  between  the  Columnar 
and  GC510  types.  In  the  early  season  (prior  to  day 
180),  LWP  in  the  T1  treatment  (which  received  the 
most  applied  water)  averaged  -1.2  to  -1.5  MPa  in 
these  varieties,  declining  to  about  -1.7  to  -1.8  MPa 
in  the  late  season  (Fig.  1).  In  contrast,  the  LWP  in 
the  treatment  receiving  the  least  applied  water  (T6) 
declined  to  -2.0  MPa  by  day  200  and  to  less  than  - 
2.2  MPa  by  day  215  (Fig.  2).  LWP  levels  in  all  three 
varieties  and  all  irrigation  treatments  were  0.15  to 
OJO  MPa  lower  than  during  comparable  periods  in 
1991,  perhaps  reflecting  the  lower  initial  stored  soil 
water  levels  in  1992. 

Across  all  irrigation  treatments  (Tl,  T6  shown  in 
Figs.  1,  2 respectively),  the  Pima  type  cotton 
exhibited  0.1  to  0.2  MPa  lower  LWP  than  the  Acala 
types.  Similar  differences  between  Acala  and  Pima 
types  were  noted  during  the  1991  season.  A less 
extensive  root  system  or  differences  in  plant 
hydraulic  resistance  associated  with  some  other  plant 
characteristic  may  explain  this  difference.  LWP  of 
other  irrigation  treatments  were  intermediate 
between  Tl  and  T6  (Fig.  2 for  GC510  only). 

FUTURE  PLANS:  This  experiment  will  be  repeated 
in  its  entirety  during  the  1993  growing  season. 
Similar  measurements  will  be  made  during  the  third 
year  of  the  study.  These  results  will  provide  crop- 
specific  plant  water  status  data  to  describe  specific 
indexes  of  plant  water  deficits  that  can  be  associated 
with  favorable  or  unfavorable  yield  responses. 


LWP(MPa)  Z LWP(MPa) 
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variety  RESPONSE  1992 
IRRIG.  TRT  #1  (NP) 


DAY  OF  YEAR 

Mid-afternoon  leaf  water  potential  (LWP)  of  fully-illuminated,  recent  fully-expanded  leaves  of 
Colunmar,  Pima  and  GC510  types  of  cotton  as  a function  of  day  of  year  in  irrigation  treatment 
Tl.  Ail  data  shown  is  for  "no  pix**  (NP)  subplots. 


VARIETY  RESPONSE  1992 
IRRIG.  TRT  #1  (NP) 


DAY  OF  YEAR 


Figure  2.  Mid-aftemoon  leaf  water  potential  (LWP)  of  fully-illuminated,  recent  fully-expanded  leaves  of 
GC^IO  cotton  as  a function  of  day  of  year  in  irrigation  treatments  Tl,  T3,  T4,  T6.  All  data  shown 
is  for  "no  pix"  subplots. 
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SUBSURFACE  DRIP  IRRIGATION  OF  ACALA  AND  PIMA  COTTON: 
PETIOLE  N,  P,  AND  K LEVELS  DURING  SEASON 

R^.  Hutmacher,  C J.  Phene,  ILR.  Davis,  T.  Kerby,  M.  Peters, 

S^.  Vail,  T.  Pflaiun,  D.  Ballard,  N.  Hudson,  C.  Ament, 

A.  Bravo,  D.  Clark,  M.  Keeley,  A.  Nevarez,  E.  Ehn,  C.  Border 


OBJECTIVES:  The  overall  objectives  of  this  project 
are  to  evaluate  the  responses  of  three  types  of  cotton 
grown  under  subsuiiTace  drip  irrigation  and  a 
narrow-row  (76  cm  row  spacing)  production  system. 
Crop  water  requirements,  use  of  stored  soil  water, 
root  distribution  and  density,  and  specific  crop 
growth,  plant  water  status,  and  gas  exchange 
responses  to  irrigation  ranging  from  mild  to 
moderate  deflcit  irrigation  in  a clay  loam  soil  will  be 
determined  in  this  study. 

PROCEDURES:  In  the  second  year  of  a three  year 
study,  cotton  was  grown  during  1992  in  a Panoche 
clay  loam  soil  at  the  University  of  California  West 
Side  Research  and  Extension  (Center.  Row  spacing 
was  76  cm  and  the  drip  irrigation  laterals  were 
shanked  in  about  45  cm  deep  in  alternate  furrows, 
centered  in  the  furrows.  Details  of  the  drip 
irrigation  system,  its  operation  and  application 
amounts,  and  methods  of  determining  grass  reference 
evapotranspiration  (ET  ) and  crop  coefficients  are 
given  in  this  volume  in  fhe  report  "Subsurface  drip 
irrigation  of  Acala  and  Pima  cotton:  Operational 
procedures".  Six  subsurface  drip  irrigation  treat- 
ments were  evaluated,  with  the  treatments  repre- 
senting six  different  combinations  of  percentages  of 
crop  ET  applied  during  specific  portions  of  the 
growing  season,  as  describ^  in  the  "Operational 
Procedures"  report  on  this  project. 

Nutrient  application  rates  and  periods  of  application 
are  described  in  "Subsurface  drip  irrigation  of  Acala 
and  Pima  cotton:  Operational  Procedures"  elsewhere 
in  this  report.  N,  P,  and  K were  supplied  through 
injection  of  calcium-ammonium  nitrate  and 
potassium  nitrate,  phosphoric  acid,  and  potassium 
nitrate,  respectively.  Phosphoric  acid  was  applied 
throughout  the  irrigation  season  as  a continuous 
injection  resulting  in  a concentration  of  15  mg/kg  in 
the  irrigation  water.  Calcium  ammonium  nitrate 
was  applied  during  about  the  first  three-quarters  of 
the  irrigation  season  and  potassium  nitrate  during 
the  last  portion  of  the  growing  season.  Calcium 
nitrate  and  potassium  nitrate  applications  did  not 
overlap  in  time.  The  rationale  for  these  nutrient 
changes  was  to  apply  a higher  N-content  material 
(calcium  ammonium  nitrate)  during  the  peak  N 
demand  period  (early  to  mid-season)  and  apply  a 
lower  N-content  material  and  K during  the  high  K 
uptake  period  (mid-  to  late-season). 

A minimum  of  twenty  petioles  were  collected  from 
each  of  three  field  replicate  plots  of  each  treatment 
evaluated.  Samples  were  collected  from  the  fourth 
or  fifth  most  recent  node  prior  to  0930  hours  PDT  at 


7 to  10  day  intervals  throughout  the  season,  dried  at 
50  to  55  C,  and  analyzed  for  NO^-N,  PO^-P,  and  K. 

RESULTS:  Even  though  water  applications  across 
treatments  differed  significantly  (see  "Subsurface 
drip  irrigation  of  cotton:  Appli^  water,  soil  water 
use,  evapotranspiration";  this  report),  nutrient 
applications  were  uniform  across  all  irrigation  levels. 
There  were  few  significant  interactions  between 
irrigation  treatments  and  petiole  nutrient  status 
(data  not  shown). 

Across  all  three  types  of  cotton,  petiole  NO^-N  levels 
were  generally  sli^tly  below  or  within  University  of 
Dilifomia  recommended  NO^-N  levels  for  cotton 
during  the  early  to  mid-season  (prior  to  day  190) 
under  both  low  water  stress  (treatment  Tl)  and 
higher  water  stress  (treatments  T4,  T6)  conditions 
(Fig.  1).  During  mid-to  late-season,  petiole  NO^-N 
levels  of  the  Acala  types  were  closer  to  the  low  end 
of  recommended  levels.  Petiole  NO  -N  levels  of 
Pima  (Fig.  lb)  were  usually  significantly  lower  than 
in  the  Acala  types,  particularly  in  the  early-  to  mid- 
season period  (days  160  to  210).  Since  lint  yields 
were  high  in  all  plots  despite  what  generally  could  be 
regarded  as  barely  sufficient  petiole  nitrogen  levels 
during  some  growth  stages,  this  data  may  indicate  a 
need  to  reevaluate  guidelines  for  petiole  nutrient 
levels  for  drip  irrigated  cotton.  Although  not  all  soil 
nutrient  data  has  been  fully  analyzed,  avaUable  data 
indicates  that  soil  N levels  at  planting  were  quite 
low,  suggesting  little  carryover  of  N from  previous 
crops. 

Petiole  P and  K levels  were  at  or  in  excess  of 
"sufficient"  levels  identified  by  the  University  of 
California  in  prior  studies  (Figs.  Ic  through  If).  No 
consistent  differences  in  petiole  P or  K status  were 
observed  between  irrigation  treatments  or  across 
different  types  of  cotton.  This  is  in  contrast  to  data 
from  1991,  when  Pima  K levels  were  consistently 
lower  than  those  observed  in  the  Acala  types. 

FUTURE  PLANS:  This  experiment  will  be  repeated 
in  its  entirety  during  the  1993  growing  season.  In 
future  experiments,  the  influence  of  leaf  position  and 
leaf  age  on  cotton  N levels  will  be  measured  directly 
through  nitrate  and  Kjeldahl-N  determinations,  and 
indirectly  through  measurements  of  seasonal  and 
age-related  changes  in  leaf  chlorophyll  fluorescence. 
The  lower  petiole  nutrient  levels  observed  in  Pima 
relative  to  the  Acala  types  vrill  be  investigated  in 
future  studies  to  determine  the  consistency  of  this 
response  across  years. 
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Figure  1.  Petiole  levels  of  nitrate,  phosphate,  and  potassium  as  a function  of  day  of  y^  for  columi^  (Q, 
GC510  (GO,  and  Pima  (P)  types  of  drip  irrigated  cotton  at  the  West  Side  Field  Station  m 1992  for  . 
irrigation  treatments  Tl,  T4,  T6.  Shown  are:  petiole  nitrate  for  GC510  (la)  and  Pima  cotton  (lb); 
petiole  phosphorus  for  GC510  (Ic)  and  Pima  cotton  (Id);  and  petiole  potassium  for  GC510  (le)  and 
Pima  cotton  (10-  The  dark  vertical  bars  indicate  University  of  CA  recommended  ranges  for  petiole 
nutrient  concentrations  during  specific  growth  stages. 
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SUBSURFACE  DRIP  IRRIGATION  OF  ACALA  AND  PIMA  COTTON: 
SEED  COTTON  AND  LINT  YIELDS 

R.B.  Hutmacher,  CJ.  Phene,  K.R.  Davis,  T.  Kerby,  M.  Peters, 

S^.  Vail,  R.  Mead,  D.  Ballard,  N.  Hudson,  A^ravo, 

T.  Pflaum,  D.  Clark,  M.  Keeley 


OBJECTIVES;  The  overall  objectives  of  this  project 
were  to  evaluate  the  responses  of  three  types  of 
cotton  grown  under  subsurface  drip  irrigation  and  a 
narrow-row  (76  cm  row  spacing)  production  system. 
Crop  water  requirements,  use  of  stored  soil  water, 
root  distribution  and  density,  and  specific  crop 
growth,  plant  water  status,  and  gas  exchange 
responses  to  irrigation  ranging  from  mild  to 
moderate  deficit  irrigation  in  a clay  loam  soil  will  be 
determined  in  this  study. 

PROCEDURES;  Cotton  was  grown  during  1992  in 
a Panoche  clay  loam  soil  at  the  University  of 
California  West  Side  Research  and  Extension  Center. 
Row  spacing  was  76  cm  and  the  drip  irrigation 
laterals  were  shanked  in  about  45  cm  deep  in 
alternate  furrows,  centered  in  the  furrows.  Details 
of  the  drip  irrigation  system,  its  operation  and 
application  amounts,  and  methods  of  determining 
grass  reference  evapotranspiration  (ET^  and  crop 
coefficients  are  given  in  this  volume  in  the  report 
"Subsurface  drip  irrigation  of  Acala  and  Pima 
cotton:  Operational  procedures”.  Six  subsurface 
drip  irrigation  treatments  were  evaluated,  with  the 
treatments  representing  six  different  combinations  of 
percentages  of  crop  ET  applied  during  specific 
portions  of  the  growing  season,  as  described  in  the 
"Operational  Procedures"  report  on  this  project. 

The  responses  of  three  types  of  cotton  were 
evaluated  viithin  each  of  the  six  irrigation 
treatments:  (1)  a commercial  narrow-row  cotton 
(GC-510);  (2)  a columnar-type  cotton  out  of  the 
University  of  California  cotton  program;  and  (3)  a 
"Pima"  type  (Pima  S6).  All  three  types  of  cotton 
were  grown  at  the  same  planting  density  and 
cultural  conditions  were  identical  across  the  three 
cotton  types.  Each  individual  plot  was  split  into  5 


rows  which  were  sprayed  once  per  season  with  the 
growth  regulator  "PIX"  (Mepiquat  chloride),  and  5 
rows  which  were  not  sprayed  ("No  Pix"  plots),  with 
the  PIX  applied  on  July  9 at  a rate  of  0j5  pints  per 
acre. 

Cotton  lint  yields  were  measured  on  25  to  30  m 
sections  of  planted  rows  in  each  plot  using  a 
modified  commercial  spindle-picker  harvester.  Gin 
turnout  percentages  were  determined  at  the 
UCyUSDA  cotton  lab  in  Shafter,  CA. 

RESULTS;  In  1991  there  were  no  consistent  yield 
responses  to  PIX  treatments  within  any  type  of 
cotton.  In  1992,  there  was  an  average  2 to  5%  yield 
increase  with  PIX  in  the  higher  water  application 
treatments  with  both  Acala  varieties  (Fig.  1).  Plants 
were  more  vigorous  and  taller  in  1992  than  in  1991. 
In  contrast,  there  was  a trend  toward  slightly  lower 
(2  to  6%)  yields  with  PIX  applications  in  the  Pima 
variety.  The  following  discussion  of  responses  to 
irrigation  treatments  generally  is  applicable  to  the 
average  irrigation  treatments  response  across  PIX 
treatments. 

Considering  the  relatively  broad  range  of  applied 
water  across  the  six  irrigation  treatments,  lint  yields 
within  each  variety  were  all  within  a relatively 
narrow  range.  Pima  lint  yields  ranged  from  2009  to 
2161  kg  ha~^  with  an  average  of  2103  kg  ha~\ 
GC510  ranged  from  2091  to  2562  kg  ha~^  with  an 
average  of  2388  kg  ha~\  Columnar  ranged  from  1915 
to  2339  kg  ha~^  with  an  average  of  2116  kg  ha~^ 
(Fig  1). 

FUTURE  PLANS:  This  experiment  will  be  repeated 
in  its  entirety  during  the  1993  growing  season. 
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Figure  1.  Cotton  lint  yields  of  **np"  (plots  not  receiving  a foliar  PIX  application)  and  "p"  (plots  receiving 
foliar  PIX  application)  subsurface  drip  irrigated  plots  as  a function  of  irrigation  treatments 
(Treatment  1 through  6)  and  cotton  type  (Columnar  - Figure  la;  GC510  - Figure  lb;  Pima  - 
Figure  Ic)  at  the  West  Side  Research  and  Extension  Center  in  1992. 
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SUBSURFACE  DRIP  IRRIGATION  OF  ACALA  AND  PIMA  COTTON:  EFFECTS  OF  LEAF  POSITION 
AND  AGE  ON  LEAF  CONDUCTANCE  AND  PHOTOSYNTHETIC  RATES 

R.B.  Hutmacher,  CJ.  Phene,  K.R.  Davis,  T.  Kerby,  M.  Peters, 

S^.  Vail,  D.  Ballard,  N.  Hudson,  D.  Clark,  M.  Keeley,  A.  Bravo 


OBJECTIVES:  The  overall  objectives  of  this  project 
were  to  evaluate  the  responses  of  three  types  of 
cotton  grown  under  subsurface  drip  irrigation  and  a 
narrow-row  (76  cm  row  spacing)  production  system. 
Crop  water  requirements,  use  of  stored  soil  water, 
root  distribution  and  density,  and  specific  crop 
growth,  plant  water  status,  and  gas  exchange 
responses  to  irrigation  ranging  from  mild  to 
moderate  deficit  irrigation  in  a clay  loam  soil  will  be 
determined  in  this  study. 

PROCEDURES:  Cotton  was  grown  during  1992  in 
a Panoche  clay  loam  soil  at  the  University  of 
California  West  Side  Research  and  Extension  Center. 
Row  spacing  was  76  cm  and  the  drip  irrigation 
laterals  were  shanked  in  about  45  cm  deep  in 
alternate  furrows,  centered  in  the  furrows.  Details 
of  the  drip  irrigation  system,  its  operation  and 
application  amounts,  and  methods  of  determining 
grass  reference  evapotranspiration  (ET^  and  crop 
coefficients  are  given  in  this  volume  in  the  report 
**  Subsurface  drip  irrigation  of  Acala  and  IMma 
cotton:  Operational  procedures".  Six  subsurface 
drip  irrigation  treatments  were  evaluated,  with  the 
treatments  representing  six  different  combinations  of 
percentages  of  crop  ET  applied  during  specific 
portions  of  the  growing  season,  as  described  in  the 
"Operational  Procedures"  report  on  this  project. 

The  gas  exchange  responses  of  three  types  of  cotton 
were  evaluated  within  two  irrigation  treatments,  T1 
and  T6.  These  treatments  represent  those  with  the 
most  (Tl)  and  least  (T6)  applied  water  across  the 
treatments.  In  1992,  all  three  types  of  cotton  were 
grown  at  the  same  planting  density  and  cultural 
conditions  were  identical  across  the  three  cotton 
types. 

Single  leaf  photosynthetic  rates  were  determined 
using  a flow-through  chamber  system  with  an  ADC 
gas  analyzer.  A 4.2  cm^  area  was  monitored  on  each 
sample  leaf.  Data  was  collected  on  GC510,  Pima  and 
Columnar  types  of  cotton,  however,  emphasis  was  on 
GC510,  a variety  widely-grown  under  narrow-row 
(76  cm  row  width)  conditions.  Only  data  collected 
for  GC510  will  be  reported  here.  Measurements 
were  made  on  leaves  located  on  the  3rd,  5th,  8th, 
and  11th  most-recent  main  stem  nodes,  and  on  1st 
and  2nd  position  (if  present)  sympodial  leaves  arising 
from  the  8th  through  11th  most-recent  nodes.  Leaf 


conductance  and  transpiration  data  collected  using 
the  leaf  chamber  were  compared  with  selective 
measurements  made  using  a steady-state  diffusion 
porometer.  In  the  upper  canopy  nodes,  leaves  were 
fully-illuminated,  while  lower  canopy  leaves  were 
monitored  under  ambient  light  levels  (some 
measurements  specifically  made  under  shaded 
conditions  and  some  under  fully-illuminated 
conditions).  Data  on  leaves  was  recorded  by  node 
position  and  average  leaf  initiation  date  in  order  to 
accurately  identify  leaf  age  as  well  as  position. 

RESULTS:  Ir^uence  of  position  on  the  plant.  Average 
single  leaf  photosynthetic  rates  across  all  three 
cotton  types  were  consistently  highest  in  leaves  from 
the  5th  most  recent  node,  and  over  all  sample  dates, 
averaged  21%,  8%,  and  27%  lower  in  fully- 
illuminated  3rd,  8th,  and  11th  most-recent  node 
leaves,  respectively.  As  in  data  collected  in  1991,  leaf 
conductance  values  were  not  tightly  linked  with 
photosynthetic  rates,  with  the  highest  conductance 
measured  in  leaves  from  the  3rd  or  5th  most  recent 
node.  Similarly,  lower  photosynthetic  rates  in  the 
8th  most  recent  node  leaves  were  not  associated  with 
reductions  in  leaf  conductance.  At  high  irradiance 
levels,  differences  in  photosynthetic  rates  in  different 
leaf  positions  were  not  tightly  coupled  with  changes 
in  conductance.  Lower  in  the  canopy,  where  photo- 
synthetic photon  flux  densities  of  less  than  350  to 
550  pmoles  photons  m~^  s~^  were  common,  reduced 
photosynthetic  rates  were  positively  correlated  with 
reductions  in  conductance. 

During  the  early  boll-filling  period  (mid-  to  late- 
July),  leaves  from  the  11th  through  13th  most-recent 
node  and  sympodial  leaves  from  any  position 
typically  were  under  low  photosynthetic  photon  flux 
density  (PPFD)  levels  Gess  than  350  pmoles  photons 
m~^  s~^),  resulting  in  net  photosynthetic  rates 
ranging  from  near  0 to  about  32%  (5  to  6 pmol  CO^ 
m~^  s~^)  of  the  levels  in  main  stem  leaves  from  the 
5th  most-recent  node. 

As  in  1991,  a major  problem  in  sampling  the 
sympodial  and  lower  canopy  leaves  for  photosyn- 
thetic rates  is  the  variability  in  light  levels  (transient 
high  PPFD  values,  followed  by  major  periods  of  low 
PPFD)  in  typical  fruiting  branches.  In  mid-July, 
when  sympodial  leaves  from  intermediate-canopy 
positions  (fruiting  branch  on  10th,  11th  or  12th 
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most-recent  node)  were  found  which  were  sunlit 
(greater  than  800  |unol  photons  s~^)  for  a 
minimum  of  10  to  15  minutes,  average  net 
photosynthesis  was  18  pmol  CO^  m~^  s~\  During 
low  sunlight  conditions,  however,  much  lower 
photosynthetic  rates  prevailed,  resulting  in  relatively 
low  photosynthetic  productivity  for  sympodial  leaves, 
particularly  those  at  lower  positions  in  the  canopy. 
In  all  of  these  cases,  the  ratio  of  leaf  conductance  to 
photosynthesis  was  lower  under  low  light  conditions 
and  with  older  leaves,  indicating  that  stomata  did 
not  represent  the  major  restriction  to  photosynthetic 
rates. 

Influence  of  leaf  age  and  position.  Data  collected 
during  rapid  leaf  area  development  (June  through 
mid-July)  indicated  that  at  ages  26,  33,  43,  and  50 
days  after  leaf  initiation,  sunlit  main  stem  leaves  had 
average  photosynthetic  rates  which  were  106%,  88%, 
74%,  and  54%  of  the  rates  measured  in  16  to  21 
day-old  main  stem  leaves  (data  not  shown). 
Initiation  of  new  main  stem  leaves  essentially 
terminated  during  the  second  week  of  August  in 
most  irrigation  treatments  of  the  GC510  variety. 


From  this  point  on,  most  of  the  illuminated  leaves 
were  aging  at  a time  when  the  developing  bolls  had 
a high  carbohydrate  demand.  Across  all  leaf 
positions,  leaf  photosynthetic  rates  showed  an 
average  26%  decline  during  a 20  day  period  in  early 
to  late  August,  with  an  additional  19%  reduction 
during  the  next  11  days.  The  decline  was  more 
rapid  in  the  severe  water  deficit  treatment  (T6). 

Efforts  will  be  made  to  evaluate  the  more  limited 
data  from  Pima  and  Columnar  types  for  significant 
differences  from  GC510  observations. 

FUTURE  PLANS;  Further  analysis  of  existing  data 
is  underway  to  determine  the  influence  of  types  of 
cotton  (GC510  vs.  Columnar,  Pima)  on  the  observed 
responses.  In  future  experiments,  the  influence  of 
leaf  position  and  leaf  age  on  cotton  N levels  will  be 
measured  directly  through  nitrate  and  Kjeldahl-N 
determinations,  and  indirectly  through  measurements 
of  seasonal  and  age-related  changes  in  leaf 
chlorophyll  fluorescence.  This  information  may 
provide  additional  guidelines  for  interpreting  gas 
exchange  measurements. 
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SUBSURFACE  DRBP  IRRIGATION  OF  ACALA  AND  PIMA  COTTON: 
ROOT  LENGTH  DENSITY  AND  DISTRIBUTION  AS  AFFECTED 
BY  GROWTH  STAGE,  IRRIGATION  TREATMENT,  DEPTH, 
AND  DISTANCE  FROM  EMITTERS 

C J.  Phene,  R.B.  Hutmacher,  K.R.  Davis,  T.  Kerby, 

J.  Misaki,  A.  Nevarez,  C.  Ament,  R.  Mead,  D.  Ballard, 

N.  Hudson,  C.  Hawk,  S.S.  Vail,  D.  Clark,  M.  Keeley 


OBJECTIVES:  The  overall  objectives  of  this  project 
were  to  evaluate  the  responses  of  three  types  of 
cotton  grown  under  subsurface  drip  irrigation  and  a 
narrow-row  (76  cm  row  spacing)  production  system. 
Crop  water  requirements,  use  of  stored  soil  water, 
root  distribution  and  density,  and  specific  crop 
growth,  plant  water  status,  and  gas  exchange 
responses  to  irrigation  ranging  from  mild  to 
moderate  deficit  irrigation  in  a clay  loam  soil  will  be 
determined  in  this  study. 

PROCEDURES:  Cotton  was  grown  during  1992  in 
a Panoche  clay  loam  soil  at  the  University  of 
California  West  Side  Field  Station.  Row  spacing 
was  76  cm  and  the  drip  irrigation  laterals  were 
shanked  in  about  45  cm  deep  in  alternate  furrows, 
centered  in  the  furrows.  Details  of  the  drip 
irrigation  system,  its  operation  and  application 
amounts,  and  methods  of  determining  grass  reference 
evapotranspiration  (ET^)  and  crop  coefficients  are 
given  in  this  volume  in  the  report  "Subsurface  drip 
irrigation  of  Acala  and  Pima  cotton:  Operational 
procedures".  Six  subsurface  drip  irrigation 
treatments  were  evaluated,  with  the  treatments 
representing  six  different  combinations  of 
percentages  of  crop  ET  applied  during  specific 
portions  of  the  growing  season,  as  described  in  the 
"Operational  Procedures"  report  on  this  project. 

Soil  samples  for  determination  of  root  length  density 
and  weight  were  collected  in  plots  from  variety 
GC510  in  three  field  replications  each  of  treatments 
Tl,  T4,  and  T6.  Samples  were  collected  three  times 
during  the  growing  season:  (1)  during  square 
development  in  June;  (2)  after  peak  flowering  in  late 
July;  and  (3)  during  boll  maturation  close  to 
irrigation  cutoff  in  late  August  to  early  September, 
1992.  A total  of  six  sample  locations  were  identified 
in  each  plot,  with  three  of  the  sample  sites  situated 
along  a line  perpendicular  to  the  drip  lateral,  start- 
ing adjacent  to  an  emitter  (site  Al);  the  next  sample 
location  in  line  with  the  plant  row  (site  A2),  and  the 
next  location  in  the  dry  (no  drip  line)  furrow  (site 
A3).  The  other  three  sample  locations  (designated  as 
Ml,  M2,  M3)  correspond  to  locations  Al,  A2,  A3  in 
terms  of  position  relative  to  the  drip  lateral, 
however,  the  Ml  position  is  midway  on  the  lateral 
between  emitters  (about  45  cm  from  the  emitter). 


In  each  of  these  six  locations  per  plot,  soil  samples 
were  collected  in  15  cm  increments  to  a depth  of  270 
cm  using  a Giddings  sample  tube.  Soil  samples  were 
collected  and  stored  under  refrigeration  until 
processed.  Subsamples  were  collected  for 
determination  of  soil  water  content,  and  bulk  soil 
wet  weights  and  dry  weights  were  determined. 
Processing  the  samples  for  determination  of  root 
length  density  involved  physical  washing  of  the 
soil/root  samples  using  dilute  acetic  acid  to  aid  in 
floating  and  separation  of  organic  matter.  Roots 
were  separated  from  other  organic  matter  by  hand, 
stained  with  a dilute  methyl  violet,  and  root  length 
measured  using  a calibrated  video  area  meter.  Root 
length  density  was  calculated  using  measured  root 
lengths  and  soil  dry  weights. 

Root  samples  collected  using  the  above  procedure 
were  dried  at  55  C for  24-48  hours,  then  weighed 
and  expressed  as  root  dry  weight  per  unit  weight  of 
soil. 

RESULTS;  Due  to  the  extensive  number  of  samples 
collected,  it  was  decided  to  concentrate  first  on 
analysis  of  samples  from  hole  locations  Al,  A2,  A3, 
and  Ml.  Samples  from  hole  locations  M2  and  M3 
were  set  aside  for  running  later  if  time  and  labor 
permitted. 

The  basic  difference  between  the  1991  and  1992 
sampling  schemes  was  that  the  1991  data  represented 
end-of-season  roots  remaining  after  irrigation 
cutoff.  In  1992,  samples  were  made  during  periods 
when  active  root  growth  should  have  been  underway, 
with  other  sample  dates  to  follow  changes  in  root 
system  development  as  the  crop  developed  a full 
above-ground  canopy  and  bolls  matured. 

General  Effects  of  Sampling  Location  Within  Beds:  In 
sampling  done  in  June  and  July,  samples  evaluated 
to  date  indicated  root  length  density  (RLD)  was 
generally  highest  at  the  45  cm  and  60  cm  depths, 
with  the  lowest  at  the  surface  sample  (0  to  15  cm 
depth)  and  below  2 m depth.  In  both  location  Al 
and  Ml  (closest  to  the  emitter)  in  most  plots,  RLD 
at  the  45  to  75  cm  depths  was  significantly  higher 
than  in  corresponding  A2,  A3,  M2,  M3  sampling 
locations  in  June  and  some  July  sampling  dates.  The 
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analysis  of  July  and  September  samplings  was  not 
complete  when  this  report  was  submitted.  At  other 
depths,  RLD's  were  generally  similar  across  the 
sample  locations,  with  values  ranging  from  0.2  to 
0.45  cm  root  g~^  soil  even  at  2 m depth. 

Effects  of  Irrigation  Treatmenty.  Soil  profile  water 
contents  in  the  upper  1 m of  the  profile  were  quite 
high  at  the  beginning  of  the  1992  growing  season,  but 
were  much  lower  in  the  1.25  to  2.5  m depths  than  in 
the  early  season  of  1991.  This  undoubtedly  had  an 
impact  on  rooting  patterns  of  the  more  severe  deficit 
irrigation  treatments,  but  data  to  evaluate  this 
theory  were  not  summarized  at  the  time  of  this 
report.  Soil  water  content  will  be  closely  monitored 
in  future  studies  to  relate  measured  RLD  to  soil 
water  content.  Root  dry  weights  were  positively 
correlated  with  calculated  root  length  density,  but  r^ 


values  for  linear  regressions  between  them  were 
generally  less  than  0.7  and  were  not  significantly 
correlated  at  two  of  the  six  sample  locations 
(averaged  across  all  plots  and  treatments). 

FUTURE  PLANS:  This  experiment  will  be  repeated 
in  its  entirety  during  the  1993  growing  seasons,  but 
the  root  sampling  efforts  will  not  be  repeated  except 
to  a limited  degree  in  1993.  Samples  will  be 
collected  prior  to  planting  in  1993  and  analyzed  for 
baseline  RLD  and  root  dry  weights  in  order  to 
determine  the  sensitivity  of  our  root  measurement 
methods  to  carryover  of  roots  from  one  measurement 
period  to  the  next.  Data  should  be  summarized  and 
reports  and  a manuscript  prepared  during  the 
coming  year  which  will  summarize  both  the  1991 
end-of-season  data  as  well  as  the  growth  stage 
dependent  data  from  1992. 
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SALINE  AND  NONSALINE  MICRO-IRRIGATION  OF  ALMONDS: 
BORON  UPTAKE  AND  SALINITY  INTERACTIONS 

R.B.  Hutmacher,  P.  H.  Brown,  H.I.  Nightingale,  CJ.  Phene,  F.Dale, 
S.S.  Vail,  H.  Hu,  D.E.  Rolston,  D.  Peters,  J.W.  Biggar,  A.  Bravo 


OBJECTIVES:  (1)  To  determine  the  potential  for 
plant  accumulation  of  boron  or  other  potentially 
toxic  constituents  and  injury  under  long-term  use  of 
saline  irrigation  water  in  drip  irrigated  almonds. 

PROCEDURES:  Experimental  Design:  Trees  were 
grown  in  a Panoche  Clay  loam  soil  at  the  West  Side 
Field  Station  of  the  University  of  California  in  a 
6.1  m by  6.1  m square  pattern  which  was  planted  in 
1980.  There  were  two  primary  experiments  under- 
way in  the  orchard  during  the  past  four  seasons. 
The  Butte  cultivar  was  grown  under  12  treatment 
combinations  in  7 blocks  with  7 trees  per  block. 
This  cultivar  was  the  primary  cultivar  evaluated  for 
physiological  responses  to  water  application  rates 
and  water  quality.  One  part  of  the  experiment  was 
an  evaluation  of  crop  response  to  a range  of  applied 
water  (using  five  water  application  levels  of 
nonsaline  water  (0.5  dS  m~^),  described  as  fractions 
of  ET  (0.6,  0.8,  1.0,  1.2,  1.4  times  estimated  crop 
evapotranspiration  (ET^).  The  other  part  of  the 
experiment  allowed  comparison  of  tree  responses  to 
saline  versus  nonsaline  irrigation.  These  five  water 
application  rates  were  also  operated  using  saline  (1.7 
dS  m~^)  water  to  evaluate  responses  to  long-term 
use  of  saline  irrigation  water  containing  boron,  chlo- 
ride, and  sodium  in  potentially  problematic  amounts. 
The  Ruby  cultivar  was  also  evaluated  at  five  irriga- 
tion rates  using  nonsaline  water  and  one  irrigation 
rate  using  saline  water  in  order  to  compare  cultivar 
differences  in  salt  sensitivity  and  boron,  sodium,  and 
chloride  accumulation  in  various  tissues. 

Most  trees  were  irrigated  using  a line  source  trickle 
system  with  one  lateral  per  row  of  trees.  There  were 
6 emitters  per  tree  with  a nominal  output  of  2 L h~^ 
emitter' \ Three  emitters  were  located  on  either  side 
of  each  tree,  with  the  closest  emitters  0.5  m from  the 
tree  and  the  second  and  third  on  each  side  1.25  and 
2.0  m from  the  tree,  respectively.  One  treatment 
(the  1.0  times  ET  treatment)  within  each  water 
quality  was  irrigated  using  two  microsprays  per  tree, 
with  each  microspray  having  a wetted  radius  of 
approximately  2 m and  a nominal  output  of  20  to  25 
L h-1.  The  microspray  treatments  were  used  to 
evaluate  tree  responses  to  differences  in  water 
distribution  and  depth  (in  microspray  versus  line 
source  drip). 


The  portion  of  the  experiment  described  here  has 
two  basic  parts:  (1)  a continuing  sampling  of  plant 
tissue  which  was  initiated  in  1984  to  monitor  long- 
term changes  in  plant  nutrient  status  and  potential 
plant  toxicity  problems  in  foliar,  woody,  and  fruit 
tissues;  and  (2)  a cooperative  study  with  Dr.  P. 
Brown  of  the  UC  Davis  Pomology  Department  in 
which  tissue  boron  accumulation  and  distribution 
within  the  plant  were  being  investigated  during  the 
1989  through  1992  seasons.  Part  of  this  study  was 
funded  through  the  Salinity/Drainage  Task  Fsorce 
administered  through  the  University  of  California. 
The  UC  Davis  part  of  the  investigation  includes 
application  and  monitoring  of  the  isotope  in  the 
soil  and  trees  as  a function  of  time,  and  an 
investigation  of  the  ameliorative  effects  of  Ca  on  B 
accumulation  and  toxicity. 

Spur  branch  leaf  samples  were  collected  from  a 
minimum  of  three  trees  in  each  of  three  to  five  field 
replicates  at  monthly  intervals  throughout  the 
experiment.  Bark,  spur  branches,  and  other  woody 
tissue  were  collected  twice  per  year,  while  nut  meat 
subsamples  were  collected  from  the  field  harvest  each 
year. 

RESULTS:  Plant  tissue  sampling  was  completed 
during  the  1992  season  and  held  tissue  sampling 
terminated.  Tissue  samples  were  collected  and  most 
analyses  completed  for  B,  Na,  and  Cl.  Visual  foliar 
damage  symptoms  were  assessed  across  all 
treatments,  with  the  worst  visual  damage,  as  in 
previous  years,  consistently  occurring  in  trees  which 
had  received  saline  irrigation  water  at  low  leaching 
fractions  during  prior  seasons.  Leaf  tip  and  margin 
’’bum”  was  also  moderate  to  severe  in  the  saline 
water  microspray  irrigated  treatment,  and  much 
more  severe  than  any  slight  damage  noted  in 
nonsaline  microspray  or  drip  treatments.  Visual 
foliar  damage  was  consistently  worse  in  the  "Ruby” 
cultivar,  although  results  indicate  similar  leaf  and 
stem  B concentrations  in  leaves  of  both  cultivars. 
Leaf  and  stem  Cl  concentrations  analyzed  to  date 
indicate  consistently  higher  Cl  levels  and  slightly 
higher  Na  levels  in  saline-irrigated  trees  of  the  Ruby 
cultivar  as  compared  to  the  Butte  cultivar. 
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In  analyses  both  at  WMRL  and  UCD,  it  was  found 
that  the  concentrations  of  B were  consistently  highest 
in  fruit  (in  excess  of  200  to  400  mg/kg  in  hulls  in  late 
season),  with  significantly  lower  B concentrations  in 
leaves  (generally  less  than  70  to  80  mg  B/kg  dry 
weight)  and  spur  branches  (less  than  80  mg/kg)  in 
the  late  season  (July  - August).  Concentrations  of 
B were  quite  variable  across  the  season  in  leaf  and 
stem  tissue,  with  gradual  increases  in  leaf  B 
concentrations  and  slight  reductions  in  stem  B 
concentration  during  most  of  the  season  (April 
through  August)  followed  by  a rapid  reduction  to 
less  than  30  to  50  mg/kg  during  the  harvest/leaf  fall 
period.  In  leaf,  stem,  and  fruit  tissue,  higher  tissue 
B levels  prevailed  in  treatments  which  received  saline 
irrigation  water  during  seasons  prior  to  1991. 

In  trees  with  extreme  foliar  damage,  spur  branches 
and  tip  die-back  of  branches  was  also  observed,  with 
progressive  necrosis  of  leaves  and  small  branches 
starting  at  the  outer  edges  of  west-  and  south-facing 
branches.  Foliar  damage  in  saline-irrigated  trees 
was  most  highly  and  positively  correlated  with 


increases  in  leaf  and  spur  branch  sodium  levels,  but 
was  also  positively  correlated  with  accumulations  of 
boron.  Chloride  accumulations  in  leaf  tissue  were 
highly  variable  within  the  tree  canopy  according  to 
leaf  position. 

Comparison  of  saline,  microspray-irrigated  trees 
with  drip-irrigated  trees  receiving  the  same  quality 
water  consistently  showed  higher  tissue  Na,  B,  and 
Cl  levels  in  microspray  irrigated  trees.  This  is 
undoubtedly  due  to  the  lower  amounts  of  leaching, 
greater  evaporation  losses  under  microspray  which 
result  in  greater  accumulation  of  these  constituents 
in  the  upper  root  zone. 

FUTURE  PLANS;  This  experiment  was  terminated 
at  the  conclusion  of  the  1992  season.  UC  Davis 
personnel  conducted  evaluations  of  potential  inter- 
actions between  applied  Calcium  and  resulting  B 
accumulation  and  toxicity  during  1992,  and  those 
chemical  analyses  are  in  progress.  Several  manu- 
scripts will  be  prepared  based  upon  these  analyses. 
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ACCURACY  OF  ET^  ESTIMATES  FROM  AUTOMATED  CLASS-A  PAN 
EVAPORATION  MEASUREMENTS 

CJ.  Phene,  D.A.  Clark,  A.  Marani,  and  M.  Norman 


OBJECTIVES;  To  determine  the  accuracy  of  daily 
ET^  estimated  from  automated  screened  and  non- 
screened  Ciass-A  pan  evaporation  measurements, 
and  compare  results  to  direct  evapotranspiration  of 
cool  season  grass  measured  by  a nearby  precision 
weighing  lysimeter. 

PROCEDURES;  Two  class- A evaporation  pans 
(galvanized,  20  gauge  steel)  were  installed  at  Five 
Points,  California  on  wood  palettes,  as  described  in 
original  US  Weather  Bureau  installation  procedures 
for  the  Class-A  evaporation  pan.  The  water  level  in 
each  pan  was  monitored  continuously  by  an  elec- 
tronic level  sensor  (Model  MN-2,  BCP  Electronics, 
Clovis,  CA)  and  recorded  hourly  by  a data  acquisi- 
tion and  control  system  (DACS)  (Model  21X, 
(Campbell  Scientific  Inc.,  Logan,  UT).  One  evapor- 
ation pan  was  fitted  with  a screen  (Model  HM020, 
BCP  Electronics,  Clovis,  CA)  to  protect  the  pan  from 
wild  animals  and  birds  and  to  reduce  the  evapor- 
ation to  a value  closer  to  ET^.  Both  pans  were 
refilled  automatically  at  midnight  to  a constant  level, 
approximately  25  mm  from  the  top  of  the  pan. 
Accumulated  data  were  transmitted  automatically 
via  telephone  to  the  WMRL  office  at  05;00  (PST) 
daily.  The  weighing  grass  lysimeter  is  located 
approximately  50  m north  of  the  pan/weather  station 
system  and  both  systems  are  located  in  the  middle  of 
an  irrigated  grass  field,  100  x 150  m.  The  grass 
lysimeter  has  a surface  area  of  4 m^,  a depth  of  235 
m and  an  evapotranspiration  resolution  of  0.02 
mm/h.  The  grass  in  the  lysimeter  and  the  immediate 
areas  around  the  pan  and  the  lysimeter  are  irrigated 
several  times  daily  and  cut  at  least  once  weekly. 


RESULTS;  Figure  1 shows  the  daily  relationship 
between  data  from  the  weighing  grass  lysimeter 
(abscissa)  and  the  two  evaporation  pans  (ordinate) 
for  a period  of  30  days  in  1991.  The  1;1  relation  line 
is  shown  for  comparison  purposes  and  does  not 
imply  a regression  analysis  for  these  data.  This  data 
set  was  chosen  because  it  covers  a broad  range  of 
evaporation  measurements  (4.0-8.2  nun  for  the 
lysimeter  and  4-13  mm  for  the  two  pans).  For  the 
screened  evaporation  pan,  27  out  of  30  days  were 
between  -•■/-  1.0  mm  of  the  lysimeter  data,  whereas 
the  "open"  pan  data  are  generally  about  3 mm 
above  the  1;1  line.  Previous  analyses  and  compari- 
sons of  evaporation  from  pans  with  ET^  calculated 
from  weather  station  instruments  have  shown  that 
this  screen  can  reduce  evaporation  from  10  to  15% 
depending  on  sitting  but  does  not  necessarily 
improve  the  correlation  of  the  measurements.  How- 
ever, if  screened  pan  evaporation  can  estimate  ET^ 
as  well  as  an  ET  model  using  automated  weather 
station  measurements,  it  is  advantageous  because  it 
is  easier  to  install,  it  requires  less  instrumentation 
and  maintenance  than  a weather  station  and  it  can 
be  used  directly  as  a feedback  control  element  in  an 
automated  irrigation  control  system.  However,  a 
pressurized  water  source  must  be  available  so  that 
the  pan  can  be  refilled  daily. 

FUTURE  PLANS;  A model  is  being  completed  and 
tested  to  correct  for  the  effect  of  ambient  temper- 
ature on  the  heat  and  mass  balance  of  the  pan  and 
to  correct  for  the  effect  of  temperature  on  the  lag 
time  it  induces  on  hourly  ET^  estimates. 
Publications  are  in  process. 


Figure  1.  Relationship  of  Et^  and  Pan  evaporation  (mm/day)  obtained  at  Five  Points,  CA,  in  1991. 
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FIELD  DEMONSTRATION  OF  EMERGING  IRRIGATION  TECHNOLOGIES 
FOR  COTTON  SUBSURFACE  DRIP  IRRIGATED,  LEPA, 

AND  FURROW  IRRIGATION  SYSTEMS 

CJ.  Phene,  R.M.  Mead,  D.A.  Clark,  B.  Freeman, 

S.  Styles,  J.  Frost,  and  J.D.  Oster 


OBJECTIVE;  To  evaluate  and  compare  a 
subsurface  drip  irrigation  (SDI)  system  to  other 
traditional  irrigation  systems  on  a large  scale, 
specifically  ones  that  are  used  on  annual  row  crops 
such  as  cotton. 

PROCEDURE;  An  irrigation  project  at  Harris 
Farms  (near  Coalinga,  CA)  was  developed  on  a 65  ha 
field.  Four  treatments  were  chosen;  LEPA  Oow 
energy  precision  application),  historic  furrow  (400  m 
runs),  improved  furrow  (200  m runs  with  a tail 
water  return  system),  and  subsurface  drip  irrigation 
(SDI)>  Each  treatment  was  approximately  16.2  ha  in 
size. 

In  the  early  winter  of  1989,  drip  tubing  was  installed 
45  cm  below  the  average  soil  surface  of  the  NW 
quadrant.  Laterals  were  spaced  2 m apart  with  each 
emitter  having  an  output  of  2 l/h.  Cotton  was 
planted  in  the  first  two  years  followed  by  cantaloupe 
in  1991.  In  1992,  cotton  was  planted  on  April  7.  An 
automated  class  A evaporation  pan  was  installed 
about  a month  later  and  used  as  a feedback 
irrigation  controller. 

Cotton  crop  coefficients  were  incorporated  into  a 
CRIO  data  logger  linked  to  the  evaporation  pan. 
Using  the  automated  evaporation  pan  with  the  crop 
coefficients,  an  irrigation  threshold  of  1.0  mm  was 
used  and  triggered  the  irrigation  pump  to  deliver  the 
same  amount  of  water  to  the  field. 


RESULTS;  Due  to  saline  conditions  of  the  drip 
plots,  there  was  195  mm  of  water  applied  to  the  field 
for  pre-irrigation  purposes.  During  June,  July  and 
August  a total  of  427  mm  was  applied  to  the  SDI 
plots.  The  LEPA,  improved  and  historic  furrow 
treatments  received  439,  509,  and  500  mm, 
respectively. 

Cotton  was  defoliated  on  September  15  and 
harvested  on  October  8.  It  was  estimated  that  the 
drip  irrigated  cotton  extracted  153  mm  of  water 
from  the  water  table  and  soil  profile. 

The  SDI  plots  out-yielded  all  other  treatments  (see 
Table  1).  It  is  not  known  if  the  extra  amount  of 
pre-irrigation  had  any  significant  impact  on  cotton 
yield. 

Overall,  the  automated  irrigation  scheduling  using 
the  pan/data  logger/pump  control  system  worked 
very  well  with  some  exceptions  of  having  the  pond 
source  becoming  too  low  at  critical  times. 

FUTURE  PLANS;  A more  uniform  pre-irrigation 
for  all  treatments  will  be  insured  for  1993. 
Phosphoric  acid  will  be  continuously  injected 
through  the  drip  system  at  15  ppm  P.  The  drip 
irrigation  water  source  will  be  continuously  moni- 
tored for  salinity  (EC^). 


Table  1.  Irrigation  amounts,  yields,  and  net  income  for  SDI,  LEPA,  historic  and  improved  furrow  irrigation 
systems. 


System 

Pre 

mm 

Season 

Total 

Lint  Yield 
kg/ha 

Net  Income 
$/ha 

SDI 

195 

427 

622 

1720 

572 

LEPA 

58 

439 

497 

1488 

694 

Historic 

furrow 

0(?) 

500 

500 

1483 

782 

Improved 

furrow 

58 

509 

567 

1538 

981 
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UNIFORMITY  EVALUATION  OF  SUBSURFACE  DRIP  IRRIGATION  SYSTEMS 
AT  HARRIS  FARMS,  COALINGA,  CA 

R.  Yue,  CJ.  Phene,  J.  E.  Ayars,  I-Pai  Wu 


OBJECTIVES;  The  evaluation  results  at  30  Acres, 
Britz  Farms,  UC  West  Side  Field  Station  and  USDA 
Irrigated  Desert  Research  Station  showed  that, 
models  EGL,  REGL  and  SBS  can  be  used  to  perform 
the  uniformity  evaluation  on  drip  irrigation  systems. 
Please  refer  to  the  separate  reports  for  details  on 
those  evaluations.  Thus,  the  purpose  of  this  study  is 
to  evaluate  the  uniformity  of  subsurface  drip 
irrigation  systems  installed  at  Harris  Farms, 
Coalinga,  CA,  with  the  three  models. 

METHODS;  The  uniformity  of  the  subsurface  drip 
systems  will  be  evaluated  by  models  EGL,  REGL 
and  SBS.  The  system  was  installed  in  1989.  Netafim 
in-line  emitter  with  0.4  GPH  nominal  flow  rate  is 
used.  The  emitters  were  spaced  at  40  inches  along 

0.52  inches  I.D.  polyethylene  tube.  The  drip  tubes, 
or  laterals,  are  buried  18  inches  deep,  and  have  a 
length  of  450  feet.  The  lateral  spacing  is  80  inches. 
There  are  two  submain  units.  The  length  of  each 
submain  is  about  1350  feet.  The  submain  size  is  4 
inches.  There  are  laterals  along  the  two  sides  of  one 
submain.  The  other  submain  controls  laterals  on  one 
side  only. 

RESULTS;  Model  simulation  results  are  given  in 
Figure  1 and  2.  For  the  submain  units  with  laterals 
along  one  side  of  the  submain,  the  three  models  have 
similar  simulation  results,  with  a UC  of  about  96%, 
a CV  of  4%  to  6%,  and  a of  25%  to  30%. 


This  means  that  the  submain  unit  has  a high  water 
distribution  uniformity.  For  the  submain  unit  with 
laterals  along  both  sides  of  the  submain,  REGL  and 
SBS  models  have  the  similar  results,  while  the  results 
of  EGL  are  quiet  different  from  the  ones  of  either 
REGL  or  SBS  model.  The  submain  unit  has  a UC  of 
about  90%,  a CV  of  11  to  13%,  and  a q^  of  40  to 
42%  base  on  REGL  or  SBS  model  simulatmn  results. 
EGL  model  simulation  results  show  that  this 
submain  unit  seems  to  have  a UC  as  low  as  63.41%, 
a CV  as  high  as  42.18%  and  a q^  as  high  as 
75.88%.  Uniformity  evaluations  on  the  four 
locations  mentioned  in  OBJECTIVES  section  showed 
that  simulation  results  from  REGL  and  SBS  models 
are  quiet  near  to  field  test  results.  The  larger  the 
size  of  a submain  unit,  the  bigger  the  difference 
between  EGL  model  simulation  results  and  field  test 
results.  Based  on  REGL  and  SBS  simulation  results, 
it  can  be  concluded  that; 

1.  the  submain  unit  with  laterals  along  one  side  of 
the  submain  has  a UC  of  96%,  an  average  emitter 
flow  rate  of  0.53  GPH  and  the  water  pressures  are 
ranged  from  18  to  25  psi; 

2.  the  submain  unit  with  laterals  along  both  sides  of 
the  submain  has  a UC  of  90%,  an  average  emitter 
flow  rate  of  0.45  GPH  and  the  water  pressures  are 
ranged  from  10  to  25  psi. 
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OUTPUT  MENU 


****  GIVEN  INFORMATION  **** 

SUBMAIN 

LATERAL 

EMITTERS 

Pressure ( psi ) = 

25.00 

Spacing(ft) 

= 

6.67 

Spacing(ft)  = 

3.33 

Length(ft)  = 

1320.00 

Length(ft) 

= 

450.00 

Constant  k = 

0.1210 

Diameter (in)  = 

4.072 

Diameter (in] 

= 

0.520 

Exponent  x = 

0.4926 

Constant  K = 

10.461 

Constant  K 

— 

10.461 

ManufactureCv= 

2.50 

Friction  C = 

150 

Friction  C 

= 

150 

Pluqginq  % = 

0.00 

Exponent  M = 

1.8520 

Exponent  M 

= 

1.8520 

P-Percent  = 

0.00 

Slope (%)  = 

0.00 

Slope (%) 

= 

0.00 

P-Degree (%)  = 

0.00 

Lateral  Distribution  pattern  along  the  submain: 

1 

**********************  result  for  the  SUBMAIN  UNIT 

********************** 

MODEL  UC 

CV  Qvar  qmax 

qmi  n 

qavg 

hma*  hmi n 

havg 

(%) 

(%)  (%)  (GPH) 

(GPH) 

(GPH) 

(psi)  (psi) 

(psi) 

E6L  95.64 

5.40  28. 

89  0.627 

0.446 

0.511 

25.000  16.550 

18.643 

REGL  96.38 

4.51  25. 

91  0.629 

0.466 

0.526 

25.000  18.076 

19.812 

SBS  96.50 

4.37  25. 

71  0.628 

0.467 

0.527 

24.999  18.128 

19.823 

««««  Simulation  including:  Hydraulics,  Manufacture  Variation 


Fl-Help  F2-Analysis  F3-Switch  Units  Esc-Exit 

Figure  1 . Evaluation  Results  for  the  Submain  Unit 

with  Laterals  along  One  Side  of  the  Submain. 
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****  GIVEN  INFORMATION  **** 

SUBMAIN 

EMITTERS 

Pressure ( psi ) = 

25.00 

Spacing(ft) 

= 

6.67 

Spacing ( f t ) = 

3.33 

Length ( f t ) = 

1320.00 

Length(ft) 

= 

450.00 

Constant  k = 

0.1210 

Diameter (in)  = 

4.072 

Diameter (in] 

= 

0.520 

Exponent  x = 

0.4926 

Constant  K = 

10.461 

Constant  K 

— 

10.461 

Manuf  actureCv= 

2.50 

Friction  C = 

150 

Friction  C 

— 

150 

Pluqqinq  % = 

0.00 

Exponent  M = 

1.8520 

Exponent  M 

= 

1.8520 

P-Percent  = 

0.00 

Slope(%)  = 

0.00 

Slope(%) 

= 

0.00 

P-Degree ( % ) = 

0.00 

Lateral  Distribution  pattern  along  the 

submain: 

2 

SUBMAIN  UNIT  *************< 

MODEL  DC 

CV  Qvar  qmax 

qmjjp 

qavg 

hmav  hmi n 

havg 

(%) 

(%)  (%)  (GPH) 

(GPH) 

(GPH) 

(psi)  (psi) 

(psi) 

EGL  63.41 

42.18  75. 

88  0.613 

0.148 

0.297 

25.000  1.761 

7.359 

REGL  89 . 33 

12.68  41. 

78  0.617 

0.359 

0.444 

25.000  10.654 

14.254 

SBS  90.87 

11.02  40. 

00  0.616 

0.370 

0.449 

25.000  11.288 

14.520 

««««  simulation  including:  Hydraulics,  Manufacture  Variation 


Fl-Help  F2-Analysis  F3-Switch  Units  Esc-Exit 


Figure  2.  Evaluation  Results  for  the  Submain  Unit 

with  Latersds  along  Two  Sides  of  the  Submain 
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SUBSURFACE  DRIP  IRRIGATION  OF  YOUNG  PRUNE  TREES 
R.M.  Mead,  CJ.  Phene,  D^.  Clark,  G.  Cardon,  K.  Schakel,  and  B.  Lampinen 


OBJECI  lVES;  To  evaluate  the  use  of  a subsurface 
drip  irrigation  system  (SDI)  installed  in  a young 
prune  orchard  and  compare  it  to  a surface  drip 
irrigation  system. 

PROCEDURE;  A nine  acre  block  of  French  Prune 
trees  was  planted  in  February  1991.  Tree  spacing 
was  5.2  m between  rows  and  43  m between  trees.  A 
surface  drip  irrigation  system  was  initially  installed 
to  conduct  fertigation  experiments.  The  surface 
system  consisted  of  two  4 L hr~^  in-line  turbulent 
flow  emitters  per  tree. 

In  late  March  1992,  a subsurface  drip  system  (SDI) 
of  1200  m of  (Geoflow  Rootguard,  13  mm  diameter) 
drip  tubing  was  installed  45  cm  below  the  soil 
surface  of  the  orchard  to  make  up  the  sixth 
treatment.  The  drip  line  was  placed  50  to  60  cm 
west  of  the  North-South  tree  line.  The  SDI  laterals 
have  a discharge  rate  of  2 L hr~^  per  emitter  with 
emitter  spacing  of  75  cm. 

In  May  1992,  four  soil  matric  potential  sensors  were 
installed  approximately  40  cm  deep  and  68  cm  west 
of  the  four  centrally  located  trees  in  the  North- 
South  tree  line.  These  sensors  were  installed  for 
monitoring  soil  responses  and  with  the  potential  for 
scheduling  orchard  irrigations.  In  1^2,  orchard 
irrigations  (for  SDI  plots)  were  accomplished  using 
an  automated  class” A”  screened  pan  in  conjunction 
with  an  estimated  crop  coefficient  (K^.  The 
threshold  for  irrigations  was  1 mm.  A fertilizer 
injector  (Dosatron,  Model  D8R)  was  used  to  inject 
UN  32  for  N (0.06  kg  N/tree)  and  green  phosphoric 


add  for  P (0.045  kg  P/tree)  in  the  SDI  plots.  UN  32 
for  N was  also  used  for  other  treatments  (0.45,  0.23 
and  0.11  kg  N/tree)  as  part  of  the  fertigation 
experiment. 

RESULTS;  From  June  12  to  October  19, 462  mm  of 
water  was  delivered  to  the  SDI  plots  (see  table  1). 
Based  on  estimated  K with  screened  pan  evapora- 
tion data,  ET  was  eSimated  to  be  390  mm.  Soil 
matric  potent!^  sensors  recorded  the  driest  readings 
in  June  (-0J29  J/kg  for  a monthly  average)  which 
got  increasingly  wetter  throughout  the  season  (-0.038 
J/kg  by  October). 

Leaf  analysis  from  leaves  sampled  in  July  showed 
that  the  SDI  treatments  had  significantly  lower  N 
levels  than  the  other  three  fertilizer  N treatments. 
All  other  N treatments  were  appreciably  higher  than 
the  0.06  kg  N/tree  level  applied  through  the  SDI 
system.  The  water  stress  in  May  along  with  the 
lower  fertility  levels  could  have  impacted  prune  tree 
growth  in  the  SDI  treatment.  There  was  a 
significant  3.5  cm^  reduction  in  cross  sectional  area 
which  occurred  in  the  SDI  plots  vs  the  high  fertility 
treatment  (see  table  2).  No  fruit  yield  was  taken  due 
to  immaturity  of  the  trees. 

FUTURE  PLANS;  Due  to  inevitable  increases  in 
shade  from  growing  prune  tree  canopy,  the 
evaporation  pan  will  have  to  be  mov(^  from 
underneath  the  trees  or  raised  to  the  canopy  level. 
The  soil  matric  potential  sensors  could  eventually  be 
used  for  controlling  irrigations. 


Table  1.  Pan  evaporation  (Ep),  calcualted  crop  evapotranspiration  (ET^,  applied  water,  mean  soil  matric 
potenital  (SMP)  and  crop  coeficients  (ET  /Ep)  for  a prune  orchard  irrigated  by  subsurface  drip 
irrigation  in  1992. 


Month 

Ep(mm) 

ET^(mm) 

Applied  water(nun) 

Ave.  SMP 

ETjEp 

June 

89.1 

29 

18.9 

-0329 

0324 

July 

245 

101 

146.5 

-0.061 

0.409 

Aug. 

258 

129 

163 

-0.05 

0.499 

Sept. 

185 

85 

102 

-0.045 

0.46 

Oct. 

66 

21 

31 

-0.038 

0326 

Nov. 

64 

25 

-0.144 

039 

Total 

907.1 

390 

461.4 

Table  2.  Measurement  of  prune  tree  growth  expressed  in  tree  trunk  cross  sections  area  (cm^. 


Treatment 

x-section  (cm  2) 

Surface  Drip  - No  N 

21.0  ab* 

Surface  Drip  - (1  lb  N/tree) 

22.1  a 

SDI  (0.06  kg  N/tree) 

18.6  b 

*Duncans  multiple  range  at  5%. 
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INFLUENCE  OF  CALCIUM  ON  THE  UPTAKE  OF  BORON  IN  BRASSICA  JUNCEA 
G.S.  Banuelos,  S.  Downey,  R.  Mead,  S.  Akohoue,  and  S.  Zambrzuski 


OBJECTIVE:  To  evaluate  different  levels  of 

calcium  (Ca)  on  the  uptake  of  boron  (B)  in  plants 
grown  in  water  culture. 

PROCEDURE:  Indian  mustard  is  being  considered 
as  a partial  strategy  to  remediate  boron-laden  soils. 
Its  efficiency  in  removing  B by  plant  uptake  may  be 
influenced  by  the  Ca  level  in  the  root  zones. 
Greenhouse  water-culture  experiments  were 
conducted  to  study  B uptake  at  three  different  levels 
of  Ca  in  Brassica  juncea  (Indian  mustard).  The 
plants  were  grown  in  4 L pots  filled  with  OJ 
modified  Hoagland  nutrient  solution  No.  2 and  pH 
adjusted  between  63  - 6.7  with  minute  additions  of 
HCI  or  KOH,  as  needed.  Containers  were  kept  in  a 
temperature  controlled  greenhouse  at  IVC  day  and 
18°C  night  temperature  with  a average  light  flux  of 
850  pmol  m~^s~^  from  cool  white  fluorescent  lamps 
for  12  h.  After  a period  of  plant  adjustment  (5-7  d 
later),  the  nutrient  solution  was  replaced  with  the 
following  treatments;  B treatment  (<1  and  15  mg 
B L~S  added  as  H BO^)  and  treatment  (20, 120, 
and  400  mg  Ca  L~  , added  as  CaNO^)  (NH^NO^  was 
added  to  low  and  medium  levels  of  C^).  The 
synthetic  salt  solution  was  replaced  every  5 d. 
Deionized  water  was  added  to  the  pots  daily  to 
replace  water  lost  by  transpiration  and  to  maintain 
the  original  volume.  The  design  structure  was 
completely  randomized  with  at  least  8 pots  per 
treatment  (each  pot  contained  4 plants).  The 
experiment  was  repeated  four  times.  Plants  were 
harvested  after  a 45  d growth  period  in  treatment 
solution  and  separated  into  young  and  old  leaves,  top 
and  bottom  portion  of  stem,  and  roots.  Samples 
were  acid  digested  with  HNO  /H^SO^  and  B deter- 
mined with  a Perkin  Elmer  2()00  Inductive  Coupled 
Plasma  Emission  Spectrometer,  while  Ca  was 
analyzed  by  atomic  absorption  spectrophotometry 
after  dry  ashing. 


RESULTS:  Samples  are  currently  being  analyzed 
for  B and  Ca.  Preliminary  data  are  shown  in  Table 
1. 

FUTURE  PLANS:  Complete  Ca  and  B analyses. 
Based  on  the  results,  a field  study  will  be  conducted 
in  soil  naturally  high  in  soil  B. 

Table  1.  Limited  available  data  on  the  accumu- 
lation of  C!a  and  B in  different  organs  of 
Brassica  juncea* 


Concentrations  of: 


Plant 

organ 

Ca-Treatment 

level 

Ca 

(%) 

B 

(mg  kg-"DM) 

Old 

Leaves 

low 

1.2 

650 

med. 

2.0 

490 

high 

3.6 

440 

Upper 

Stem 

low 

0.7 

260 

med. 

1.1 

275 

high 

2.1 

320 

Lower 

Stem 

low 

0.6 

380 

med. 

1.3 

420 

high 

4.2 

250 

‘Values  represent  the  mean  concentration  from  a 
minimum  of  30  plants  from  only  one  experiment. 
Young  leaves  have  not  been  analyzed. 
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IN  SEARCH  OF  BRASSICA  AND  SALT-TOLERANT  GERMPLASM  IN  SALINE 
SEMI-ARID  AND  ARID  REGIONS  OF  INDIA  AND  PAKISTAN 
FOR  BIOREMEDIATION  OF  SELENIUM  LADEN  SOILS 

G^.  Banuelos,  D.  Dyer,  R.  Akmad,  S.  Ismail,  R.N.  Raut,  and  J.C.  Dagar 


OBJECTIVE;  To  collect  germplasm  native  to 
Pakistan  and  India  for  use  in  removing  Se  by  plant 
uptake  in  saline  agrosystems. 

PROCEDURE;  Brassica  juncea  (Indian  mustard)  is 
the  primary  ecotype  cultivated  in  the  north  and 
northwestern  part  of  India  (Fig.  1)  and  in  the 
northeastern  part  of  Pakistan  (Fig.  2).  It  is  grown 
primarily  for  the  production  of  vegetable  oil  green 
supplemental  fodder  and  seed  cake  for  animals. 
Since  there  is  enormous  variability  within  each 
species  of  Brassica  in  the  form  of  sub-species  and 
ecotypes,  collecting  Brassica  or  other  salt-tolerant 
germplasm  from  saline  soil  sites  within  Pakistan  and 
India  may  be  useful  in  selecting  the  most  efficient 
salt-tolerant  cultivars  for  vegetation  management  in 
removing  Se  from  saline  soils  of  central  California. 
Brassica  and  other  species  collected  from  different 
regions  and  germplasm  storage  banks  within 
Pakistan  and  India  will  be  evaluated  for  their  ability 
to  absorb  Se  under  different  salinity  levels  (5-20 
dSm~^)  in  selected  California  soils. 

RESULTS;  In  conjunction  with  agricultural 
scientists  from  Pakistan  and  India  the  depicted 
Brassica  species  and  other  species  were  collected  and 
returned  to  the  USA  (Table  1). 


FUTURE  PLANS;  Screen  collected  germplasm  for 
tolerance  and  its  ability  after  planting  to  absorb  S. 

Table  la.  Species  collected  in  Pakistan; 

Brassica  juncea,  B.  Carinata,  *Panicum  turgidum, 
*Sporobolus  airoides,  *LeptochIoa  fusca,  *Sesbania 
sesban,  *Atriplex  halenius,  *A.  numnudaria,  *A. 
undulata,  *A.  stocksii,  *A.  canescens,  *A.  lentiformis,  A. 
amnicola,  Suaeda  nudiflora,  Salicomia  indica.  Cassia 
obovata,  Chrysopogon  aucherii,  Desmostachya 
bipennata,  Terminaolia  cattapa,  Halocnemum 
strobilaceum,  Riccinis  cononunis. 

Table  lb.  Species  collected  in  India; 

Brassica  carinata  (17  accessions),  B.  napus  (JO 
accessions),  B.  esuca  ativa  (5  accessions),  B.  juncea  (10 
accessions),  Sporabolus  marginatis,  Suaeda  fruticosa,  S. 
maritima,  *Parthmum  arienatum,  *LeptochIoa  fusca, 
*Triticum  aestivum,  *Echinochloa  frumentacea,  *E. 
colonwn,  *E.  crusgalli,  *Panicum  antidotale,  *Bracharia 
mutic,  * Acacia  nilotica,  *A.  leucocephola,  *A.famesiana, 
*Prosopis  juliflora,  *P.  cineraia,  *Sesbania  aculeata, 
*Suaeda  fruticosa,  *S.  maritinut,  *Kochia  indica, 
^Desmostachya  bipinnata,  *Casuarina  equesetfolia, 
*Tamarixggalica,  *Chloris  gayana. 


Collections  were  made  by  In-country  scientists  and  sent  to  USDA. 
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COMPARISON  OF  MICROWAVE  DIGESTION  WITH  BLOCK  DIGESTION 
FOR  SELENIUM  AND  BORON  ANALYSIS  IN  PLANT  TISSUES 

G.S.  Banuelos,  S.  Akohoue,  and  T.  Pflaum 


OBJECTIVES;  To  evaluate  microwave  digestion  on 
the  recovery  of  selenium  and  boron  in  plant 
materials. 

PROCEDURES:  Selenium  (Se)  was  determined  after 
wet  acid  digestion  using  a Thermo  Jarell  Ash  Atomic 
Absorption  Spectrophotomer  equipped  with  an 
automatic  vapor  accessory  and  boron  (B)  after  wet 
acid  digestion  using  a Perkin  Elmer  Plasma  2000 
Emission  Spectrometer.  Both  elements  were 
determined  in  NIST  Standard  Reference  Material  for 
both  Se  and  B and  20-mesh  dried  Brassica  juncea 
(Indian  mustard)  after  samples  were  digested  from 
both  microwave  and  digestion  block  with  the 
following  procedures: 

Microwave  digestion 

A total  of  fifty  120  ml  teflon  digestion  vessels  were 
placed  in  the  microwave.  Different  combinations  of 
HNO^,  H^O^,  and  HCl  were  used  as  the  chemical 
reagents  in  conjunction  with  the  following  power 
settings  for  the  microwave: 


Block  digestion 

Using  a nitric  acid-hydrogen  peroxide  procedure, 
plant  material  was  digested  by  wet  acid  digestion  on 
the  block  digestor.  Calibration  standards  were 
checked  throughout  the  analyses  and  were  required 
to  be  within  5%  variance  of  the  known  values.  If 
5%  was  exceeded,  the  standards  were  rerun. 

RESULTS;  Preliminary  results  clearly  show  that 
the  block  digestion  of  NIST  samples  resulted  in  a 
recovery  of  at  least  94%  of  the  reported  Se  and  B 
concentrations,  while  the  most  accurate  procedure 
for  microwave  digestion  resulted  in  a 91%  recovery 
of  reported  NIST  concentrations  and  80%  of  the 
reported  NIST  Se  concentrations.  However, 
microwave  digestion  of  samples  was  completed  in  less 
than  60  minutes,  whereas  block  digestion  of  samples 
required  more  than  8 hr. 

FUTURE  PLANS:  Continue  evaluating  data 

acquired  from  microwave  digestion.  A manuscript 
will  be  prepared. 


Stages 


1) 

Parameters: 

I 

n 

m 

IV 

Power 

50% 

90% 

0 

— 

Time 

5 min. 

8 min. 

10  min. 

— 

Fan 

100% 

100% 

100% 

— 

PSI 

150 

150 

0 

— 

2) 

Power 

50% 

90% 

0 



Time 

15  min. 

30  min. 

30  min. 

— 

Fan 

100% 

100% 

100% 

— 

PSI 

150 

150 

0 

— 

3) 

Power 

85% 

85% 

85% 

0 

Time 

6 min. 

6 min. 

17  min. 

0 

Fan 

100% 

100% 

100% 

100% 

PSI 

40 

85 

120 

0 

-85- 


TRACE  ELEMENT  COMPOSITION  OF  DIFFERENT  PLANT  SPECIES 
USED  FOR  REMEDIATION  OF  BORON-LADEN  SOILS 

G.S.  Banuelos,  L.  Wu,  S.  Akohoue,  S.  Zambrzuski,  R.  Mead,  and  A.  Downey 


OBJECTIVES;  Evaluate  the  concentrations  of 
selected  trace  elements  in  four  plant  species  used  to 
manage  naturally  occurring  B in  the  soil. 

PROCEDURES;  High  concentrations  of  trace 
elements  are  often  found  in  conjunction  with  B and 
Se  in  same  soils  of  the  westside  of  central  California. 
Some  plant  species  accumulate  not  only  B,  hut  may 
accumulate  other  trace  elements  also  present  in  the 
soil.  A multiple  year  field  study  is  being  conducted 
on  Three  Way  Farms  near  Los  Banos,  California,  to 
evaluate  the  uptake  of  zinc  (Zn),  cadmium  (Cd), 
manganese  (Mn),  iron  (Fe),  aluminum  (Al),  copper 
(Cu),  and  molybdenum  (Mo)  in  soil  containing  high 
concentrations  of  extractable  B.  The  treatment 
design  was  a complete  randomized  design  with  each 
treatment  replicated  eight  times  in  30  m^  plots. 
Treatments  consisted  of  growing  the  following  plant 
species;  Brassica  juncea  (Indian  mustard),  Festuca 
anmdinacae  (tall  fescue),  Lotus  comiculatus  (birdsfoot 
trefoil),  and  Hibiscus  cannabinus  L.  (kenaf). 
Irrigation  scheduling  and  application  rates  for  the 
sprinkler  system  were  based  on  data  collected  from 
CIMIS  weather  station.  Soil  moisture  was 
monitored  at  different  depths  with  weekly  neutron 
probe  readings.  The  mean  amount  of  water  applied 
during  the  growing  season  for  2 years  was  845  mm, 
while  the  mean  Class  "A"  pan  losses  for  both  years 
were  1000  mm.  Sixty,  85,  and  115  d after  first 
emergence,  the  perennial  plant  species  were  clipped, 
while  Indian  mustard  was  harvested  at  day  85  and 


kenaf  at  day  115.  Subsamples  of  each  species  were 
taken  from  4 one-meter  sections  in  each  plot.  Plants 
were  separated  into  leaves,  stalk,  and  when 
applicable,  roots.  A Perkin  Elmer  Plasma  200 
Emission  Spectrometer  was  used  to  detect  for  Mn, 
Fe,  Cd,  Mo,  Al,  Cu,  and  Zn  after  dry  ashing  plant 
samples.  Detailed  descriptions  of  the  analytical 
results  are  presented  elsewhere. 

RESULTS;  The  absorption  of  trace  elements  by 
din'erent  plant  species  is  highly  dependent  on  the 
species  of  the  respective  element  in  the  soil  and  pH 
changes  in  the  soil.  In  general,  the  leafy  Indian 
mustard  and  kenaf  had  the  highest  concentrations  of 
each  tested  element  followed  by  the  two  perennial 
crops,  tall  fescue  and  birdsfoot  trefoil  (Table  1).  For 
this  reason,  if  the  harvested  plant  material  is  to  be 
utilized  as  animal  forage,  species  of  Indian  mustard 
and  kenaf  should  not  be  fed  directly  to  animals.  The 
follovring  are  the  ranges  for  each  trace  element 
analyzed;  Fe,  70-350  mg  Fe  kg~^  DM;  Cd,  1-26  mg 
Cd  kg~^  DM;  Cu,  <10  mg  Cu  kg~^  DM;  Al,  70-444 
mg  Al  kg~^  DM;  Mn,  34-245  mg  Mn  kg~^  DM;  and 
Zn,  2.44  mg  Zn  kg~^  DM.  Trace  element 
concentrations  are  shown  in  Table  2 for  the  repeated 
clippings  of  the  perennial  crops. 

FUTURE  PLANTS;  Repeat  field  planting  and 
monitor  trace  element  concentrations.  A manuscript 
is  currently  being  prepared. 
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Table  1.  Concentrations  of  selected  trace  elements  in  shoot  tissue  of  four  plant  species  grown  in  1990  and 
1991. 


Species 

Zn 

Cd 

Elemental  concentrations  of: 
Mn  Fe  A1  Cu 

(mg  kg"^  DM) 

Mo 

B Se 

(pg  kg"^  DM) 

7990+ 

Kenaf 

39(1.0)a*  18(0J)a 

198(4.4)a 

322(12)a 

395(15)a 

9(0J)a 

l.(K0.1)a 

788(44)a 

515(36)b 

Indian 

mustard 

29(0.7)b 

13(0J)b 

39(1.9)b 

167(8.5)b 

164(12)b 

4(0J)bc  0.4(0.1)b 

224(10)b 

1062(27)a 

TaU 

fescue 

1.4(0.2)c 

<lc 

43(2.4)b 

74(2.7)c 

81(4.4)c 

l(0.2)c 

<0.1c 

85(7.9)c 

169(10)c 

Birdsfoot 

trefoil 

0.6(0.1)d 

<lc 

34(2.4)b 

103(6J)c 

89(4.2)c 

5(0.4)b 

<0.1c 

116(4.2)c 

366(24)b 

1991 

Kenaf 

44(0.9)a 

26(0.9)a 

245(6.7)a 

385(19)a 

444(25)a 

12(0.2)a 

0.9(0.1)a 

685(39)a 

491(25)b 

Indian 

mustard 

22(0.8)b 

17(0.6)b 

56(3.2)b 

156(10)b 

189(ll)b 

5(0.2)b 

0J(0.2)b 

321(12)b 

989(20)a 

Tall 

fescue 

0.9(0.4)c 

<lc 

50(2.6)b 

93(6.4)c 

72(3J)c 

l(0J)c 

<0.1c 

113(10)c 

141(10)c 

Birdsfoot 

trefoil 

0.4(0.1)d 

<lc 

40(3.1)b 

90(4.2)c 

70(2.6)c 

6(0.2)b 

cO.lc 

118(9.4)c 

276(12)d 

'^Values  presented  represent  means  followed  by  standard  error  of  mean  in  parenthesis  from  a minimum  of  20 
samplings  in  1990  and  17  samplings  in  1991. 

*Mean  separation  in  columns  with  years  obtained  by  Tukey's  range  test.  The  same  letters  represent  no 
significant  difference  in  elemental  concentraticxis  between  species  at  the  P=0.0S  level. 


Table  2.  Trace  element  concentrations  in  the  different  clippings  of  tall  fescue  and  birdsfoot  trefoil  grown  in 
1990  and  1991. 


Species 

Cut* 

Zn 

Cd 

Elemental  concentrations  of: 
Mn  Fe  A1  Cu 

(mg  kg'^  DM) 

Mo 

B 

Se 

(pgkg'^DM 

7990* 

Tall 

fescue 

n 

1 

2 

1.0(0.1)a* 

<la 

33(2.2)a 

62(23)a 

78(4.4)a 

4.0(0.2)a 

O.KO.Da 

106(5.1)a 

202(16)a 

ft 

3 

l.l(0.1)a 

<la 

55(2.4)b 

64(2.0)a 

66(2.8)a 

3.6(0.1)a 

0.2(0.1)a 

105(7.4)a 

283(29)b 

Birdsfoot 
trefoil  1 

" 2 

0.4(0.1)a 

<la 

31(l.l)a 

112(3.4)a 

70(2.6)a 

4.8(0.4)a 

0J(0.1)a 

120(6.8)a 

291(8.2)a 

ft 

3 

0.6(0.1)a 

<la 

66(3.4)b 

93(3.8)a 

77(3.0)a 

4.2(0.4)a 

0.6(0.1)b 

119(4.5)a 

220(6.4)a 

1991 

Tall 

fescue 

ft 

1 

2 

0.9(0.1)a 

<la 

43(2.7)a 

75(2.9)a 

82(4.4)a 

3.2(0.1)a 

O.KO.Da 

118(6J)a 

182(12)a 

ft 

3 

0.8(0.1)a 

<la 

68(3.1)b 

88(4.1)a 

70(3.9)a 

3.8(0.1)a 

0.1(0.1)a 

102(5.1)a 

225(16)a 

Birdsfoot 
trefoil  1 

•’  2 

0.5(0.1)a 

<la 

39(3.1)a 

69(3.5)a 

85(3.6)a 

4.2(0.3)a 

0.5(0.1)a 

126(5.3)a 

259(7.1)a 

ft 

3 

0.5(0.1)a 

<la 

58(2.9)b 

72(3.1)a 

89(3.2)a 

3.8(0.2)a 

0.6(0.1)a 

118(4.6)a 

200(6.4)a 

^Values  from  cut  1 have  been  presented  in  Table  2. 

^Values  presented  represent  means  followed  by  standard  error  of  mean  in  parenthesis  from  a minimum  of  20 
samplings  in  1990  and  17  samplings  in  1991. 

*Mean  separation  in  columns  with  years  obtained  by  Tukey's  range  test.  The  same  letters  represent  no 
significant  difference  in  elemental  concentrations  between  the  same  species  at  the  P=0.05  level. 
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SURVEY  OF  INSECTS  ON  DIFFERENT  CROPS  USED  FOR 
BIO-REMEDIATION  OF  BORON-LADEN  SOILS 

G.S.  Banuelos,  S.  Tebbets,  S.  Zambrzuski,  S.  Downey  and  P.  Vail 


OBJECTIVES;  To  identify  the  insects  using  Indian 
mustard,  tall  fescue,  birdsfoot  trefoil  and  kenaf  as  a 
habitat. 

PROCEDURE;  A multiple  year  study  is  being 
conducted  on  Three  Way  Farms  near  Los  Banos, 
California  to  evaluate  the  quality  of  insects 
introduced  to  a boron-laden  field  site.  The 
treatment  design  was  a complete  randomized  design 
with  each  treatment  replicated  three  times. 
Treatments  consisted  of  the  following  plant  species 
planted  on  30  m^  plots;  Indian  mustard,  tall  fescue, 
birdsfoot  trefoil,  and  kenaf.  The  plots  were 

sprinkler  irrigated  with  California  Aqueduct  Canal 
water  (E^  < 0.8  dSm“^).  Thirty  d after  emergence 
each  plot  was  sampled  weekly  at  10  A.M.  using  an 


insect  sweep  net.  Each  sample  consisted  of  eight 
sweeps  progressing  from  the  outside  towards  the 
middle  of  the  plot.  Collected  insects  were  placed 
into  a glass  jar  and  frozen  for  later  identification. 

RESULTS;  Preliminary  data  show  the  total  number 
of  insects  found  for  each  species  on  the  different 
sampling  dates  (Figure  1).  Table  1 show  the  mean 
number  of  insects  and  arthropods  found  under  the 
reported  headings. 

FUTURE  PLANS;  In-depth  identification  is 
currently  being  pursued.  IdentiHcation  of  insects  for 
an  additional  two  years  will  be  conducted.  A 
manuscript  will  be  prepared. 


Table  1.  Mean  number  of  insects  per  general  classification  collected  from  plots  grown  to  Indian  mustard, 
kenaf,  birdsfoot  trefoil,  and  tall  fescue*. 


Species 

Sampling 

bugs 

hoppers 

Classification  of  insects** 
beetles  flies  thrips 

aphids 

wasps 

moths 

others 

Indian 

mustard 

1 

688 

1 

8 

2 

0 

0 

0 

0 

3 

tt 

2 

160 

3 

1 

2 

3 

2 

1 

0 

11 

tt 

3 

27 

31 

5 

7 

31 

80 

0 

1 

45 

kenaf 

1 

9 

12 

3 

0 

1 

0 

0 

0 

0 

ft 

2 

3 

50 

5 

0 

0 

0 

0 

0 

0 

ft 

3 

0 

27 

3 

0 

5 

0 

1 

0 

3 

Birdsfoot 

trefoil 

1 

46 

24 

24 

5 

91 

1 

2 

1 

19 

ft 

2 

49 

20 

11 

4 

39 

1 

4 

0 

22 

ft 

3 

37 

44 

15 

4 

192 

1 

3 

1 

29 

Tall 

fescue 

1 

2 

2 

3 

2 

16 

0 

2 

2 

9 

ft 

2 

2 

1 

4 

1 

3 

0 

1 

1 

2 

ft 

3 

1 

5 

1 

1 

3 

0 

2 

0 

4 

*Preliminary  data  of  the  first  screening  of  insects  collected  at  the  respective  plots. 
**Data  represents  mean  number  of  insects  collected  from  a minimum  of  three  plots. 


BF  = birdsfoot  trefoil,  BJ  = Indian  mustard,  FA  = tall  fescue,  KF  = kenaf. 

7/14  and  7/21  only  for  BJ. 
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REMEDIATING  BORON  LADEN  SOILS  WITH  TALL  FESCUE 
G.S.  Banuelos,  L.  Wu,  S.  2Uunbrzuski,  S.  Akohoue,  and  S.  Downey 


OBJECTIVES;  To  determine  the  extent  to  which 
tall  fescue  tolerates  and  absorbs  boron  (B)  in 
B-laden  soil. 

PROCEDURES;  A multiple  year  study  is  being 
conducted  on  B-rich  soils  (up  to  10  mg  extractable 
B)  on  Three  Way  Farms  near  Los  Banos,  California. 
The  treatment  design  was  a complete  randomized 
block  with  each  treatment  replicated  six  times. 
Treatments  consist  of  "cropped  plots"  and 
"uncropped  plots".  Each  plot  was  17m  x 17m  in 
size.  Tall  fescue  (Festuca  arundinacea)  was  planted 
by  drill  to  a depth  of  10  mm  at  a rate  of  10  kg/ha. 
Access  tubes  were  installed  throughout  the  field  site 
to  a depth  of  2 m and  neutron  probe  readings  were 
taken  every  two  weeks  during  the  growing  in  each 


plot.  Prior  to  planting  in  spring,  four  soil  samples 
were  collected  within  each  plot  to  a depth  of  0-45 
and  45-90  cm.  The  plots  were  sprinkler  irrigated 
with  (California  aqueduct  (Canal  Water  (Ec<0.8 
dSm~^)  based  on  data  acquired  through  the  CIMIS 
system.  Plants  were  first  clipped  every  95  d after 
first  emergence  and  then  75  d thereafter. 
Subsamples  were  flrst  clipped  from  four  1 m 
subplots  within  each  plot,  dried,  and  weighed.  Both 
soil  and  plant  samples  were  analyzed  after  wet 
digestion  for  B and  other  elements  by  inductive 
coupled  plasma. 

RESULTS;  Preliminary  data  from  the  flrst  year  is 
shown  in  Table  1. 


Table  1.  Preliminary  concentrations  of  total  extractable  boron  and  total  selenium  and  mean  concentrations 
of  tissue  boron  and  selenium  in  tall  fescue. 


Trt. 

„ *♦ 
Rep. 

Depth 

(cm) 

Preplant 

Total 

Soil  Boron  and  Selenium  Concentrations  at; 

Year  1 Preplant  Year  1 

Ext.  Total  Ext.  Total  Total 

(mg  B kg"^)  (mg  Se  kg'^) 

Plant 

B 

(mg  kg 

Se 

Tall 

1 

0-45 

58 

3.5 

54 

2.2 

1.15 

0.95 

78 

0.66 

fescue 

45-90 

61 

4.7 

63 

4.6 

0.95 

0.85 

Bare 

1 

0-45 

63 

4.8 

62 

4.1 

1.25 

1.20 

NA 

plots 

45-90 

66 

4.5 

64 

4.9 

0.88 

0.89 

Tall 

2 

0-45 

54 

5.7 

50 

4.6 

0.95 

0.75 

94 

0.78 

fescue 

45-90 

52 

6J 

53 

5.9 

1.24 

0.94 

Bare 

2 

0-45 

71 

4.9 

69 

4J 

1.45 

1.25 

NA 

plots 

45-90 

68 

5.1 

67 

5J 

0.85 

0.96 

Tall 

3 

0-45 

49 

7J 

45 

6.0 

1.23 

1.01 

88 

0.86 

fescue 

45-90 

52 

6J 

49 

6.6 

IJl 

1.00 

Bare 

3 

0-45 

56 

5.2 

54 

4.6 

0.79 

0.68 

plots 

45-90 

59 

4.6 

61 

4.9 

0.89 

0.93 

Tall 

4 

0-45 

64 

9.2 

59 

7.6 

1.13 

0.74 

85 

0.69 

fescue 

45-90 

59 

8J 

57 

7.9 

0.88 

0.79 

Bare 

4 

0-45 

60 

8.6 

58 

8.2 

131 

1.15 

NA 

plots 

45-90 

56 

7.9 

54 

8J 

1.22 

1J3 

Values  represent  the  mean  from  a minimum  of  four  replications. 
Replication  5 and  6 have  not  been  analyzed. 
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THE  EFFECT  OF  SODIUM  2,  3 DICHLOROISOBUTYRATE  (DCB) 

ON  THE  CARBOHYDRATE  PRODUCTION  IN  INDIAN  MUSTARD 

G.S.  Banuelos,  L.H.  Aung,  D.  Faust,  S.  Akohoue,  S.  Downey  and  S.  Zambniski 


OBJECTrVE;  To  determine  if  DCB  promotes 
biomass  of  Indian  mustard  by  modifying  the 
production  of  carbohydrates/soluble  sugars. 

PROCEDURE;  Indian  mustard  (Brassica  juncea) 
was  planted  on  Ramona  sandy  loam  at  the  USDA 
facility  in  Fresno,  California,  from  September  to 
December  1992.  The  fleld  site  was  divided  into 
sixteen  plots  (4  x 14  mm  in  size)  with  two 
treatments;  sprayed  application  of  DCB  and  sprayed 
application  of  water  (control).  Each  treatment  was 
replicated  eight  times.  Beds  were  spaced  1 m apart 
from  center  to  center.  Seed  was  planted  with  Planet 
Jr  at  a depth  of  about  2 cm  and  15  cm  apart. 
Sprinkler  irrigation  (80  mm)  was  used  for 
germination  and  used  only  twice  thereafter  (a  total 
of  140-mm).  Thirty  d after  plant  emergence,  the 
DCB  plots  were  carefully  hand  sprayed  with  12  mM 
DCB,  while  control  plots  were  sprayed  with  Tween 
20  and  water.  Careful  attention  was  made  to  reduce 
drifting.  Seven  d later,  a second  application  of  12 
mM  DCB  was  applied  to  the  previously  treated 
plots.  Forty-flve  d after  the  second  application  of 
DCB,  sixteen  plants  were  harvested  from  each  plot. 
Samples  were  washed,  separated  into  the  following 
organs:  upper  stalk,  young  leaves,  lower  stalk,  old 
leaves,  and  roots,  and  dried  at  45**C  for  10  d.  For 
the  determination  of  soluble  sugars,  the  different 
organs  were  ground  in  a stainless  steel  Wiley  mill 
equipped  with  a 1 mm  mesh  screen.  One  gm 
samples  were  extracted  with  10  ml  of  80%  ethanol  at 
80**C.  After  extraction,  the  volume  was  readjusted 
to  10  ml  and  3 ml  aloquats  of  the  supernatants  were 
taken  and  evaporated  to  dryness.  The  dried  residues 
were  suspended  into  1.5  ml  of  HPLC-grade  water 
and  transferred  into  1.5  ml  centrifuge  tubes.  After 
centrifugation  1 ml  of  the  aqueous  solution  were  fil- 
tered prior  to  the  HPLC  analysis.  Sucrose,  glucose, 
and  fructose  were  qualitatively  and  quantitatively 


determined  using  a Hewlett-Packard  HPLC  Model 
5020.  The  sugars  were  separated  through  a 300  x 7.8 
mm  Aminex  carbohydrate  HPX-87C  column.  The 
column  temperature  was  maintained  constant  at 
80*’C  using  a Jones  chromatography  column  oven. 
The  solvent  was  PHLC  grade  water  at  a flow  rate  of 
0.7  ml/min. 

RESULTS;  Preliminary  data  show  a higher  soluble 
sugar  content  in  the  ''control''  plants  vs.  the  DCB 
treated  plants,  irrespective  of  the  organ  (Table  1). 
Sucrose  was  apparently  most  significantly  affected  by 
DCB.  Table  1 also  shows  the  distribution  of  the 
sugars  within  the  plant. 


Table  1. 


Total 

soluble  Organs; 


Treat- 

sugar  Young 

Old 

Young 

Old  Roots 

ment 

content: 

stem 

stem  leaves 

leaves 

(mg~^  DW  plant) 

Sucrose 

170 

122 

81 

21 

111 

Control 

Glucose 

19 

14 

8 

16 

10 

Fructose 

26 

26 

10 

5 

7 

DCB- 

Sucrose 

13 

32 

16 

23 

25 

treated 

Glucose 

3 

6 

20 

9 

13 

Fructose 

4 

11 

38 

11 

10 

*Values  presented  represent  the  means  from  five 
replication. 

FUTURE  PLANS;  Continue  the  sugar  analyses.  A 
manuscript  is  currently  in  preparation. 
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EVALUATE  THE  EFFECT  OF  CROP  ROTATION 
ON  REMEDIATING  BORON  LADEN  SOILS 

G.S.  Banuelos,  L.  Wu,  P.  Beuselink,  S.  Zambrzuski,  S.  Akohoue,  and  S.  Downey 


OBJECTIVES:  To  determine  the  extent  to  which 
rotating  selected  annual  crop  species  with  perennial 
species  contribute  to  the  reduction  of  soil  B levels. 

PROCEDURE;  A multiple  year  study  is  being 
conducted  on  Three  Way  Farms  near  Los  Banos, 
California.  The  treatment  design  is  a complete 
randomized  design  with  each  treatment  replicated  a 
minimum  of  three  times  on  10  m x 10  m plots. 
Treatments  in  the  first  year  1991  consisted  of  the 
following  plant  species:  Indian  mustard  (Brassica 
juncea),  tall  fescue  (Festuca  antndincea),  birdsfoot 
trefoil  (Lotus  comiculatus),  kenaf  (Hibiscus 
cannabinis),  and  bare  plots.  In  1992,  the  flrst  crop 
rotation  occurred.  Treatments  consisted  of:  1) 
replanting  Indian  mustard  and  kenaf  in  their  same 
plots  as  planted  previously,  2)  planting  tall  fescue  in 
plots  planted  previously  to  Indian  mustard,  kenaf. 


and  tall  fescue,  3)  planting  Indian  mustard  and 
kenaf  to  plots  previously  planted  to  tall  fescue  and 
birdsfoot  trefoil,  respectivley,  and  4)  no  plants 
planted  to  bare  plots.  Four  soil  samples  were 
collected  within  each  plot  from  the  depth  intervals  of 
0-45  and  45-90  cm  and  repeated  in  the  same 
location  at  harvest.  Plots  were  both  irrigated  and 
plants  clipped  as  described  previously.  Plant  and 
soil  samples  were  prepared  as  described  previously 
and  analyzed  for  total  B and  extractable  B, 
respectively,  by  a Perkin  Elmer  Plasma  2000 
Emission  Spectrometer. 

RESULTS;  Preliminary  data  are  shown  in  Table  1. 

FUTURE  PLANS;  Repeat  planting  and  continue 
evaluating  crop  rotations  on  B and  Se  removed. 


Table  1.  Preliminary  preplant  and  postharvest  concentrations  of  soil  extractable  boron  and  total  selenium 
and  mean  concentrations  of  tissue  boron  and  selenium  in  different  plant  species. 


Species 

Species  previously 

Soil  Boron  and  Selenium  Concentrations  at:* 

Plant 

planted 

planted 

Preplant  Postharvest 
(mg  B kg"^) 

Preplant  Postharvest 
(mg  Se  kg"^) 

B 

(mg  kg 

Se 

Indian 

mustard 

Indian 

mustard 

5.8 

4.1 

1J5 

0.85 

265 

1.14 

Kenaf 

Kenaf 

6.5 

5.0 

1.05 

0.87 

675 

0.69 

Tall 

fescue 

Indian 

mustard 

6.0 

5.1 

0.94 

0.71 

85 

0.59 

TaU 

fescue 

Kenaf 

4.9 

3.9 

1.16 

0.89 

94 

0.63 

Tall 

fescue 

Tall 

fescue 

7.1 

5.9 

4.41 

1.20 

72 

0.68 

Indian 

mustard 

TaU 

fescue 

6.5 

4.1 

0.95 

0.68 

323 

0.98 

Kenaf 

Birdsfoot 

trefoil 

5.7 

4.0 

0.88 

0.72 

709 

0.81 

Bare  plots 

Bare  plots 

6.9 

6.1 

0.91 

0.82 

— 

— 

4c 

Values  represent  the  mean  from  12  replications  taken  from  0-90  cm. 

Values  represent  the  mean  concentration  in  the  shoot  at  cut  1 from  12  replications. 
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THE  EFFECT  OF  SELENIUM  AND  INCREASING  LEVELS  OF  BORON  AND  SALINITY 
ON  THE  GERMINATION  OF  DIFFERENT  CULTTVARS  OF  KENAF 

S.  Zambrzuski  and  G.S.  Banuelos 


OBJECTIVE;  The  objective  of  this  study  was  to 
evaluate  the  germination  and  vigor  response  of  six 
different  cultivars  of  kenaf  exposed  to  Se  and 
increasing  levels  of  boron  (B)  and  salinity  under 
controlled  conditions. 

PROCEDURE;  Twenty-five  seeds  from  the 
following  cultivars  of  kenaf  (Indian,  Iran  Early  Beso, 
KU482,  KU3876,  Egypt,  KK60)  were  placed, 
respectively,  in  petri  dishes.  Seeds,  petri  dishes,  and 
filter  paper  were  sterilized  with  a 10%  bleach 
solution  and  then  rinsed  with  distilled  water.  Petri 
dishes  were  sealed  with  parafilm  and  placed  under 
fluorescent  lights  for  16  hrs  per  day.  Treatments 
consisted  of  adding  a 4 ml  solution  containing  10  or 
20  mg  B/L  (added  as  H BO^;  5,  10,  or  20  dS/m 
salinity  (added  as  NaCl,  C^Cl^,  and  Na^SO^);  0.5  mg 
Se/L  (added  as  Na^SeO^)  (Table  1).  Controls 
contained  4 ml  of  distilled  water.  Each  treatment 
was  replicated  3 times  and  the  experiment  was 
repeated  3 times.  Temperatures  were  maintained 


between  20“C  and  27®C.  After  6-8  days,  each 
cultivar  was  evaluated  for  germination,  lateral  root, 
and  cotyledonary  leaf  development 

RESULTS;  The  standard  seed  germination  test  did 
not  reflect  major  differences  among  cultivars  for 
increased  salinity  or  B levels  (Table  2).  However, 
high  germination  percentages  did  not  always 
correspond  to  high  seed  vigor  as  was  indicated  by 
decreased  lateral  root  and  cotyledon  development  at 
increased  salinity  (Figs,  la,  lb,  2a,  2b).  The  cv. 
KK60  shows  fairly  high  seed  vigor  at  the  increased 
salinity  levels,  however,  the  germination  rates  are 
very  low.  The  cv.  Iran  Early  Beso  has  a high 
germination  rate,  but  seed  vigor  decreases 
dramatically  at  the  highest  salinity  levels.  The  cv. 
Indian  shows  a fairly  high  germination  rate  as  well 
as  high  seed  vigor  at  the  increased  salinity  levels. 
Boron  and  Se  did  not  show  any  observable  effect  on 
the  germination  or  vigor  of  the  tested  cultivars. 


% Cotyledons  % Cotyledons 
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Table  1 


The  following  are  the  treatments 
used  for  germination  studies 


CONTROL 
TREATMENT  1 
TREATMENT  2 
TREATMENT  3 
TREATMENT  4 
TREATMENTS 
TREATMENT  6 


Distilled  water 

0.5  mg  Se/L;  5 dS/m  salinity;  10  mg  B/L 
0.5  mg  Se/L;  10  dS/m  salinity;  10  mg  B/L 
0.5  mg  Se/L;  20  dS/m  salinity;  10  mg  B/L 
0.5  mg  Se/L;  5 dS/m  salinity;  20  mg  B/L 
0.5  mg  Se/L;  10  dS/m  salinity;  20  mg  B/L 
0.5  mg  Se/L;  20  dS/m  salinity;  20  mg  B/L 


Table  2 


% GERMINATION 


IRAN 


TREATMENTS 

INDIAN 

EARLY  BESO 

KU4B2 

KU3B7e 

EGYPT 

KK60 

Control 

78 

97 

91 

94 

94 

66 

1 

76 

95 

93 

93 

96 

57 

2 

79 

94 

82 

90 

92 

56 

3 

61 

71 

67 

67 

71 

36 

4 

78 

96 

90 

90 

93 

48 

5 

80 

91 

89 

84 

96 

56 

6 

63 

75 

70 

70 

68 

50 

cv.  INDIAN  cv.  INDIAN 


Fig,  la 


Contiol  Trt  1 Trt  2 Trt3  Trt4  TrtS  Trl6 

Treatments 


Fig.  2a 


Control  Trt  1 Trt  2 TrtS  Trt  4 TrtS  TrtS 

Treatments 


CV.  IRAN  EARLY  BESO 


cv.  IRAN  EARLY  BESO 


Fig.  1b 


Control  Trt  1 Trt  2 TrtS  Trt  4 TrtS  TrtS 

Treatments 


Fig.  2b 
90  


Control  Trt  1 Trt  2 TrtS  Trt  4 TrtS  TrtS 


Treatments 
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MANAGEMENT  OF  SMALL  VOLUME-CLOSED  SYSTEM  HYDROPONICS 
WITH  EMPHASIS  ON  FACTORS  INFLUENCING  NUTRIENT  SOLUTION  pH 

S.  Downey,  G.S.  Banuelos,  and  S.  Akohoue 


OBJECTIVE;  To  determine  the  effects  of  water 
loss,  ion  removal,  root  exudates  and  the  introduction 
of  compressed  air,  together  and  separately,  on 
solution  pH  and  nutrient  uptake  in  a low  volume, 
closed  hydroponics  system. 

PROCEDURES;  Greenhouse  pot  experiments  were 
conducted  to  evaluate  the  quality  of  maintaining 
desired  hydroponic  conditions.  Seeds  from  Brassica 
juncea  (Indian  mustard)  were  germinated  in  flats 
containing  vermiculite  potting  soil.  After  10  days 
they  were  transplanted  into  2 L pots  filled  with  a 0 J 
Hoagland  nutrient  solution.  The  solution  pH  was 
adjusted  to  6.2  with  addition  of  1 M KOH  or  10% 
HCl  as  needed.  The  experimental  design  was  a 
complete  randomized  block  with  six  treatments,  with 
each  treatment  replicated  three  times,  and  the  study 
was  repeated  three  times.  Each  treatment  consisted 
of  different  times  for  replenishing  the  nutrient 
solution.  Solution  pH  was  measured  before  and 
after  reHUing  with  deionized  water.  Treatments  1 
and  2 received  fresh  nutrient  solution  on  the  first 
day  only  and  thereafter,  they  were  refilled  every  day 
with  deionized  water  only.  Treatments  3 and  4 were 
emptied  and  refilled  with  fresh  nutrient  solution 


every  2 days  and  filled  to  full  volume  with  deionized 
water  on  alterant  days.  Treatments  5 and  6 were 
emptied  and  refilled  with  fresh  nutrient  solution 
every  6 days  and  filled  to  full  volume  with  deionized 
water  on  all  other  days.  Solution  pH  of  treatments 

1,  3,  and  5 was  tested  before  addition  of  deionized 
water  or  nutrient  solution  and  solution  pH  of 
treatments  2, 4 and  6 was  tested  after  the  addition  of 
deionized  water  or  nutrient  solution. 

RESULTS;  The  results  of  the  water  culture  study 
indicate  that  irrespective  of  treatment,  the  solution 
pH  increases  with  time  (Trt.  1,  3,  and  5 as  seen  in 
Fig.  la,  lb,  and  Ic).  After  the  addition  of  deionized 
water  to  maintain  desired  volume,  the  pH  with  Trt. 

2,  4,  and  6 was  closer  to  desired  level  of  6.2  - 6.6 
(Fig.  la,  lb,  and  Ic).  Moreover,  as  the  levels  of  ions 
in  solution  decreased  over  time  (Fig.  2a),  the  only  ion 
which  clearly  responded  to  changes  in  pH  was  Mn 
(Fig.  2b). 

FUTURE  PLANS;  Future  water-culture 
experiments  and  desired  conditions  can  be 
controlled  more  stringently  by  replacing  evaporative 
losses  daily. 


Fig.  1a 


Fig.  1b 


Fig.  1c 


Refilled  every  6 Days 


Fig.  2a 


Solution  Ion  Concentrations 


Major 

Cations 

Major 

Anions 


Fig.  2b 


Mn  Concentration 


20 

18 

1 14 

I « 

s 10 

m 

£ 8 
H 

c 6 

i 4 

2 

0 


■ Shoots 
Q Roots 


_Lq 


6.3  6.4  6.6 

Avg.  Solution  pH 
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COMPARATIVE  RATES  OF  SELENIUM  VOLATILIZATION 
IN  THREE  PLANT  SPECIES 

S.  Downey,  G.  Banuelos,  and  S.  Akohoue 


OBJECTIVES;  To  compare  rates  of  selenium  (Se) 
volatilization  in  cotton,  kenaf  and  Indian  mustard 
and  develop  procedures  for  extracting  volatile  Se. 

PROCEDURE'S;  Seeds  of  cotton  GC  510  (Gossypium 
hirsutum),  kenaf  (Hibiscus  cannabinis),  and  Indian 
mustard  (Brassica  juncea)  were  germinated  in  flats 
containing  vermiculite  potting  soil.  After  ten  days 
four  seedlings  from  each  species  were  transplanted 
into  2 L pots  containing  soil  amended  with  2 mg 
Se/kg  soil  added  as  sodium  selenate.  There  were  a 
total  of  six  replicates  per  species  and  the  experiment 
repeated  three  times.  Each  2 1 pot  was  placed  inside 
a volatile  Se  collection  chamber  which  was  housed 
within  an  environmental  growth  chamber  at 
different  stages  of  growth  for  each  species. 
Conditions  within  the  growth  chamber  were  held  at 
a constant  29  degrees  C with  a photoperiod  of  16  hr. 
light/dark  period  (850  micromol/m2/sec.).  Volatile  Se 
collection  chambers  were  constructed  of  transparent 
acrylic  and  measured  30  cm  x 30  cm  x 60  cm.  Each 


chamber  was  equipped  with  a circulation  fan  and  an 
exhaust  port  filled  with  eight  pieces  of  activated 
charcoal  filter  each  measuring  7.5  cm  x 5 cm.  The 
fan  directed  the  air  within  the  chamber  through  the 
charcoal  trap  and  out  through  the  exhaust  port, 
trapping  volatilized  Se  in  the  activated  charcoal. 
Filters  were  removed  for  analysis  after  4 days. 
Volatilized  Se  was  extracted  from  the  charcoal  filters 
by  nitric  acid/hydrogen  peroxide  digestion  and 
analyzed  for  Se  by  atomic  absorption 

spectrophotometry  with  continuous  hydride 

generation. 

RESULTS;  Preliminary  results  show  that  Indian 
mustard  volatilized  Se  at  a greater  rate  than  either 
kenaf  or  cotton  (Table  1). 

FUTURE  PLANS;  Charcoal  filter  are  currently 
being  extracted  for  Se.  The  ability  of  cotton  to 
volatilize  Se  at  different  levels  of  soil  Se  is  currently 
being  conducted. 


Table  1.  The  rate  of  selenium  volatilization  by  cotton,  kenaf,  and  Indian  mustard. 


Species 

Repeat 

Se  Concentration  at  Different  Stages  of  Growth;* 
First  Second  Third  Fourth 

Fifth 

Sixth 

(pg  Se/plants) 

Cotton 

1 

14 

16 

16 

15 

HC 

HC 

2 

15 

18 

13 

16 

HC 

HC 

3 

15 

16 

17 

14 

>C 

HC 

Kenaf 

1 

14 

15 

17 

15 

>C 

HC 

2 

16 

18 

19 

18 

■C 

HC 

3 

17 

14 

15 

17 

■C 

HC 

Indian 

mustard 

1 

20 

27 

32 

34 

HC 

HC 

2 

23 

30 

28 

27 

HC 

HC 

3 

26 

25 

33 

27 

HC 

HC 

* 

Values  represent  the  mean  from  six  replications.  Samples  were  taken  every  7 d beginning  at  day  45  for 
cotton  and  kenaf  and  day  30  for  Indian  mustard. 

”^ot  completed. 
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THE  EFFECT  OF  SELENIUM  AND  INCREASING  LEVELS  OF 
BORON  AND  SALINITY  ON  THE  GERMINATION  OF  CANOLA 

S.  Zambrzuski  and  G.S.  Banuelos 


OBJECTIVE;  The  objective  of  this  study  was  to 
evaluate  the  germination  response  of  four  canola 
cultivars  exposed  to  selenium  (Se)  and  increasing 
levels  of  boron  (B)  and  salinity  under  controlled 
conditions. 

PROCEDURE;  Twenty-five  seeds  from  the  follow- 
ing cultivars  of  canola  (Westar,  Legend,  Horizon, 
and  Colt)  were  placed,  respectively,  in  petri  dishes. 
Treatments  consisted  of  adding  a 4 ml  solution 
containing  10  or  20  mg  B/L  (added  as  H^BO  );  5, 10, 
or  20  dS/m  salinity  (added  as  NaCl,  CaCl^,  and 
Na^SO  );  0.5  mg  Se/L  (added  as  Na^Se  O^. 
Controls  contained  4 ml  of  distilled  water.  Each 
treatment  was  replicated  3 times.  Petri  dishes  were 
sealed  with  parafilm  and  placed  under  fluorescent 


lights  for  16  hours  per  day.  Temperatures  were 
maintained  between  20*’C  and  27**C.  After  5 to  8 
days,  each  cultivar  was  evaluated  for  germination. 

RESULTS;  Preliminary  data  shows  with  increasing 
salinity  seed  germination  decreased  in  all  cultivars 
(Table  1).  Westar  appeared  to  be  the  most  vigorous 
of  the  four  cultivars,  showing  the  highest  germina- 
tion rate  with  increasing  salinity  levels.  Boron  and 
selenium  did  not  show  any  observable  effect  on  the 
germination  of  the  tested  cultivars. 

FUTURE  PLANS;  Continue  to  evaluate  the 
performance  of  canola  under  the  already  discribed 
conditions.  Plant  the  best  performing  cultivar  under 
field  conditions  and  evaluate  its  performance. 
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Figures  1 a-d.  Influence  of  salinity  and  boron  on  the  germination  rate  of  di^erent  cultivars  of  canola. 
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ANALYTICAL  CHEMISTRY  LABORATORY 
T J.  Pflaum,  C.A.  Ament,  G.S.  Banuelos,  and  B.H.  Hagans 


The  main  purpose  of  the  Analytical  Chemistry 
Laboratory  is  to  support  fleld  research  projects  for 
the  Water  Management  Research  Laboratory.  The 
types  of  samples  analyzed  include  soils,  water,  and 
plant  tissue.  The  total  number  of  analyses 
performed  for  1992  was  23,000  on  a total  number  of 
5300  samples. 

During  the  year  of  1992, 12,700  analyses  for  cations 
and  anions  were  performed  on  a total  of  1500  soil 
samples.  In  addition  to  the  soil  samples,  2500  water 
and  1300  plant  tissue  samples  were  examined  for  a 
total  of  7000  and  3300  analyses,  respectively. 

There  have  been  significant  changes  in  the  labora- 
tory personnel  during  1992.  Winnett  Pranger-Chin 
was  transferred  out  of  the  chemistry  laboratory. 
Colleen  Ament  was  transferred  into  the  chemistry 
laboratory.  During  the  summer,  three  high  school 
apprentices  served  as  temporary  technicians  and 
were  assigned  to  do  the  routine  analyses  on  plant, 
water,  and  soil  samples.  The  implementation  of 
safety  regulations  regarding  respirator  equipment 
and  the  necessity  for  physical  examinations  has 
limited  the  number  of  technicians  who  are  able  to 
grind  plant  and  soil  samples. 

There  have  been  changes  in  the  laboratory 
equipment: 

a.  The  appearance  of  the  chemical  laboratory  was 
changed  by  the  installation  of  a new  vinyl 
floor. 

b.  A new  Electronic  Analytical  Mettler  Balance 
was  purchased.  The  new  Analytical  Balance  is 


easier  to  use  and  cannot  be  damaged  as  easily 
as  the  Mettler  Analytical  Balance.  Moreover, 
another  top  loading  balance  for  weighing  soil 
samples  was  purchased. 

c.  The  orion  pH/ISE  meter  was  no  longer  repair- 
able, so  a new  Orion  pH  Meter  was  purchased. 

d.  A new  user  friendly  direct  reading  temper- 
ature compensated  Conductivity  Meter  was 
purchased  to  replace  the  old  Conductivity 
Bridge  for  the  measurement  of  electrical 
conductivity. 

e.  The  Microwave  Digestion  Unit  and  the  Alpkem 
Rapid  Flow  Analyzer  were  used  to  determine 
Total  Persulfate  Nitrogen  in  plant  tissue. 
Extra  digestion  vessels  and  spare  parts  for  the 
Alpkem  Analyzer  were  also  acquired. 

The  old  Atomic  Absorption  Spectrophotometer  (AA) 
was  controlled  by  a HP  computer,  which  was  having 
disk  drive  problems.  The  disk  drives  are  no  longer 
available  and  service  attempts  were  futile.  To 
solve  this  problem,  a new  Atomic  Absorption 
Spectrophotometer  (AA)  controlled  by  an  IBM  clone 
computer  was  purchased. 

The  laboratory  is  still  in  the  process  of  being 
physically  modified  to  accept  the  new  AA  since  the 
old  AA  will  remain  in  the  laboratory.  The  vent 
motor  for  the  AA  vent  failed  again  and  a new  vent 
and  motor  was  purchased  locally. 

The  UV- Visible  Spectrophotometer  was  sent  for 
repairs  twice  and  is  aligned  and  ready  for  use. 
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ELECTRONICS  ENGINEERING  LABORATORY 
D.  Clark,  M.  Norman,  T.  Lockner,  T.  Polus 


The  Electronics  Engineering  Laboratory  provides 
electronic,  computer,  and  related  services  in  support 
of  research  projects.  The  year's  work  was  domi- 
nated once  again  by  the  installation  of  new 
automated  data  acquisition  and  irrigation  control 
systems.  The  new  projects  were  located  at  the 
USDA  Irrigated  Desert  Research  Station  in  Brawley, 
CA;  at  Harris  Farms  near  Coalinga,  CA;  at  the  UC 
Wolfskin  Experimental  Station  at  Winters,  Ca;  and 
the  UC  West  Side  Field  Station  near  Five  Points, 
CA. 

Work  continued  on  the  Brawley  project  with  the 
addition  of  field  F3  to  the  irrigation  control  system. 
Four  dataloggers  were  installed  in  the  field  to 
measure  soil  moisture  sensors  and  were  interfaced  to 
the  irrigation  control  datalogger  to  trigger  irrigations 
automatically.  A priming  pump  was  installed  and 
the  pump  panel  was  redesigned  to  provide  automatic 
pump  priming  of  the  two  irrigation  pumps. 

Evaporation  pan  systems  were  installed  at  Harris 
and  Wolfskin  to  control  irrigation  and  measure 
pressure  and  flow.  The  system  at  Harris  was  inter- 
faced to  a cellular  transceiver  for  remote  access.  A 


phone  line  was  provided  for  remote  access  of  the 
Wolfskill  system. 

A Bowen  Ratio  system  was  setup  at  the  West  Side 
Field  Station  along  with  two  ET  gauges.  Work  was 
started  on  a system  to  control  the  irrigation  of  nine 
treatments  on  the  36  Plots  field. 

Datalogger  programs  were  written  and  daily  reports 
set  up  for  the  above  systems.  The  automatic  data 
system  was  upgraded  with  a faster  computer  and 
software  updates.  A paper  was  written  for  present- 
ation at  the  1992  ASAE  Summer  Meeting  entitled, 
"Automated  Centralized  Data  Acquisition  and 
Control  of  Irrigation  Management  Systems".  Other 
work  included  the  setup  and  configuration  of  various 
computers,  electronic  and  computer  repairs,  routine 
maintenance  of  field  systems,  and  miscellaneous  data 
processing. 

The  work  load  for  the  year  was  heavy.  Help  from 
student  workers  has  improved.  There  are  now 
twelve  separate  automated  irrigation  systems  of 
varying  compexities.  More  installations  are  planned 
for  1993. 


RESEARCH  SHOP 
David  R.  Dettinger 


The  research  shop  provides  machine  shop  service  for 
the  various  projects  at  WMRL.  Responsibilities 
include  routine  inspections  and  maintenance  of 
vehicles  and  heavy  equipment.  Transportation  of 
tractors  and  trencher  to  field  locations,  including 
Brawley,  CA.  Operating  equipment,  tractors, 
trencher  and  driving  truck. 

Some  of  the  work  performed  this  last  year  has 
included: 

1.  Construction  of  two  large  monolith  containers. 

2.  Help  with  collection  of  monoliths. 


3.  Move  equipment  from  airport  shop  and  dispose 
of  surplus. 

4.  Work  at  Parlier  in  preparation  for  move. 

5.  Help  with  installation  of  drip  irrigated  plots  at 
Peach  Avenue  station. 

At  this  time,  construction  of  the  new  shop  building 
has  Just  been  completed  and  should  be  in  use  soon. 
This  new  facility  is  much  appreciated  and  will 
provide  greater  service. 
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